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This manual provides depot-level main- 
tenance information for memory boards used 
with the Model 990/10 or Model 990/12 
Minicomputer Systems. The manual is 
organized into the following four sections. 


Section 


1 General Description — Provides an in- 
troduction, overview, and specifications 
for the memory boards described in tne 
manual. 


2 Functional Description — Provides de- 


tailed theory of operation for the 
memory boards. 


Title 


Preface 


3 Maintenance — Describes the depot 
maintenance philosophy and provides 
the checkout and fault isolation pro- 
cedures for the memory boards. 


4 Drawings — Provides the assembly 
drawings and logic diagrams for the 
memory boards. 
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General Description 


1.1 GENERAL vironmental specifications for the boards are 
as shown in table 1-2, power requirements 
This manual provides detailed theory and are shown in table 1-3. 


depot-level maintenance procedures for 

TILINE* memory boards that use a 16,384-bit 

dynamic random-access memory chip for 

primary memory storage. The memory 

boards described in this manual may be used 

with the Model 990/10 or Model 990/12 Table 1-1. TILINE Memory Boards 
Minicomputer Systems and will be referred 
to as the TILINE memory. This section pro- 
vides a brief general description of the 
TILINE memory boards. 


Logic Board TI Part Number 


96KB memory controller board (standard version) | 
with 0 bytes RAM (controller 


1.2 TILINE MEMORY BOARDS only) ee6 1980 
with 32K bytes RAM 2261980-2 

; : : with 64K bytes RAM 2261980-3 

The TILINE memory boards described in this with 96K bytes RAM 2961980-4 

manual consist of the Memory Controller, 

96KB, with Error Checking and Correction, 96KB memory controller board (fine line 

990/16KR, hereinafter referred to as the 96KB version) 0 bytes RAM (controller 

memory controller; the Cache Memory Con- only) 2261980-5 

troller, 64KB, with Error Checking and Cor- ee = sd ic sede 

wi yte - 
rection, 990/16KR, hereinafter referred to as with 96K bytes RAM 0961980-8 


the cache controller; and the Memory Add- 


On Module, 256KB, with Error Checking and Cache memory controller board 


Correction, 990/16KR, hereinafter referred to (64K bytes RAM) 2261990-1 

as the 256KB add-on memory array. Con- 

figurations and parts numbers of the TILINE 256KB add-on memory array 

memory boards are as shown in table 1-1. En- board ” 
with 64K bytes RAM 948955-1 
with 128K bytes RAM 948955-2 
with 192K bytes RAM 948955-3 
with 256K bytes RAM 948955-4 


*Registered trademark of Texas Instruments  Incor- 
porated. : 


2250690-9701 Change 1 1-1 


General Description 


Table 1-2. TILINE Memory Boards Environmental Specifications 


Item 


Operating 
Temperature’ 
Humidity 

Storage 
Temperature 
Humidity 

Shock 


Vibration 


Altitude 


Note: 


Specification 


0° to 65° C (32° to 149° F) 
0 to 95%, noncondensing 


— 40° to 70° C (— 40° to 158° F) 
0 to 95%, noncondensing 


Will sustain 2-foot vertical drop when 
installed in the chassis 

Will withstand 1G at 5 Hz to 80 Hz and 
0.3G at 80 Hz to 500 Hz 


0 to 3.05 km (0 to 10,000 ft) 


‘ Lower the upper operating temperature limit by 2°C (3.6°F) for every 762 
meters (2500 feet) increase in altitude. 





2250690-9701 


Table 1-3. 


Voltage 


96KB Memory Controller 


+5V Main 
+ 5V Stby 
+12V Stby 
— 5V Stby 


256KB Add-On Memory Array 


+5V Main 
+ 5V Stby 
+ 12V Stby 
— 5V Stby 


Cache Controller 
+5V Main 
+ 5V Stby 
+12V Stby 
~ 5V Stby 


Note: 


Memory Board Current Requirements in Amperes 


Current, Maximum Cycle 


0.550 
0.550 
0.0025 


0.200 
0.400 
1.10 

0.001 


0.600 
0.550 
0.002 


Current, Idle 
Operation 


2 

0.550 
0.120 
0.002 


0.200 
0.350 
0.350 
0.000020 


a 


6 
0.600 
0.120 
0.002 


General Description 


Current, Standby 


Operation 


0.170 
0.120 
0.0025 


0 

0.080 
0.350 
0.000020 


0.200 
0.120 
0.002 


‘Current maximum cycle rate based on 1 cycle per microsecond for the 96KB memory controller 
and 256KB add-on memory array and 500-nanosecond average cycle rate for the cache controller. 
Current drain figures assume that each board is fully implemented with memory devices for max- 


imum storage capacity. 
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2.1. GENERAL 


This section provides a functional descrip- 
tion of the TILINE memory. As shown in table 
1-1, standard options of the 96KB memory 
controller board in standard and fine line ver- 
sions provide memory capacity that ranges 
from 32K to 96K bytes on a single board in in- 
crements of 32K bytes. When system re- 
quirements are for greater than 96K bytes of 
memory, additional memory can be im- 
plemented by installing add-on memory array 
boards in full-sized slots of the chassis. Error 
checking and correcting (ECC) is a standard 
feature of TILINE memory. 


The TILINE memory consists of two different 
memory controllers; the 96KB memory con- 
troller and the cache controller board. The 
cache controller uses a cache technique to 
improve the effective operating speed of 
primary memory. Expansion of memory is im- 
plemented by adding 256KB add-on memory 
array boards. Through the use of two memory 
controller boards, each with four add-on 
boards, total memory capacity can be ex- 
panded to 2M bytes when used in a 990/10 or 
990/12 minicomputer system. 


The paragraphs that follow provide a detailed 
description of each of the memory con- 
trollers and of the add-on memory array 
board. 


2.2 96KB MEMORY CONTROLLER 


The 96KB memory controller is a 
multilayered board that contains the memory 
control logic, storage logic, storage 
elements for up to 96K bytes of metal-oxide 
semiconductor (MOS) random-access 
memory (RAM) on the board, and the control 
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Functional Description 


logic for up to 1M bytes of additional memory 
on associated add-on memory expansion 
boards. The 96KB memory controller inter- 
face to the TILINE bus is made through the 
two 80-pin connectors at the bottom edge of 
the board that installs into the chassis slot. 
Two 50-pin connectors at the top edge of the 
board are used to interface with expanded 
memory. Table 2-1 describes these interface 
signals in detail. The interface signals to the 
TILINE at the bottom edge of the board are as 
described in table 2-2. 


The 96KB memory controller functions as a 
TILINE SLAVE device. As such, it generates 
or accepts data only in response to a TILINE 
MASTER device. Logic on the 96KB memory 
controller consists of TILINE interface logic, 
timing and memory refresh control circuits, 
and error checking and correction circuits. 
The memory array on the memory controller 
consists of from zero to three banks (rows) of 
memory chips, with 22 memory chips in each 
bank. Each memory word consists of 16 data 
bits and six check bits. During normal opera- 
tion, only the data bits are processed on the 
TILINE data bus. 


The 96KB memory controller board may be 
placed in a diagnostic mode by addressing 
the memory controller logic at a specified 
TILINE Peripheral Control Space (TPCS) ad- 
dress. Cycle control and refresh control for 
the add-on memory boards are provided by 
the 96KB memory controller board, but the 
add-on memory expansion boards interface 
directly with the TILINE for address selec- 
tion. The 96KB memory controller circuits, in- 
cluding the error checking and correcting cir- 
cuits, are implemented in_ transistor- 
transistor logic (TTL) devices on the lower 
part of the board (figures 2-1 and 2-1A). The 
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Functional Description 


Table 2-1. 


Signature 


MBO0- 
MBO1- 
MBO02- 
MBO03- 
MBO04- 
MBO05- 
MBO6- 
MBO7- 
MBO08- 
MBO9- 
MB10- 
MB11- 
MB12- 
MB13- 
MB14- 
MBi5- 
MB16- 
MB17- 
MB18- 
MB19- 
MB20- 
MB21- 


IBSEL- 


IRIW- 


ADODD 


IRAS- 


ICADSEL 


ICAS- 


2-2 


Memory Controller to 256KB Add-On Memory Array Board Interface Signals 


Pin Number 


P4-1 
P4-3 
P4-5 
P4-7 
P4-9 
P4-11 
P4-13 
P4-15 
P4-17 
P4-19 
P4-21 
P4-23 
P4-25 
P4-27 
P4-29 
P4-31 
P4-33 
P4-35 
P4-37 
P4-39 
P4-41 
P4-43 


P3-19 


P3-21 


P3-29 


P3-13 


P3-7 


P3-15 


Definition 


22-bit bidirectional data bus that transfers read and write data between 
the two boards (includes six check bits: MB16- through MB21-). 


Board selected signal. The board selected signal is sent to the memory 
board controller when the 256KB add-on memory array board decodes a 
TILINE address that falls in the address space defined by the address 
switches and memory size jumpers. 


Read/write control. The read/write control line to the 256KB add-on 
memory. array.board specifies either a read or write memory operation. 


Odd word address. The address odd line operates in conjunction with 
the read/write control line to enable both rows in a selected bank dur- 
ing a read operation or to enable only the required odd or even row dur- 
ing a write operation. 


Row address strobe. The row address strobe clocks seven row address 
bits into memory chips. 


Column address select. The column address select line causes the sec- 
ond seven address bits to be applied to the memory chips. 


Column address strobe. Column address strobe clocks the seven col- 
umn address bits into the memory chips. 
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Functional Description 


Table 2-1. Memory Controller to 256KB Add-On Memory Array Board Interface Signals (Continued) 





Signature 


RFADO- 
RFADI- 
RFAD2- 
RFAD3- 
RFAD4- 
RFAD5- 
RFAD6- 


REFRESH- 


+5 SWEN- 


POWERON- 


IORES- 


IMERR- 


ICERR- 


Pin Number 


P3-27 
P3-33 
P3-17 
P3-35 
P3-25 
P3-23 
P3-31 


P3-5 


P3-1 


P3-11 


P3-37 


P3-3 


P3-9 


Definition 


Refresh address lines. Refresh address lines provide the row address 
to the memory chips during a refresh operation. 


Refresh cycle in progress. The refresh control line causes the refresh 
address lines to be applied to the memory chips that are then strobed 
into the memory chips by the IRAS- pulse. 


5-volt switch enable. Turns on power (5 voits) to 256KB add-on memory 
array whenever main power is on or during a refresh operation in stand- 
by operation. 


Power on. Power on is true after 5 volts is stable. When false, this 
Signal inhibits extraneous strobes to the memory chips. 


1/0 reset. The reset line resets the error indication lamps after initial 
power-up and in response to a front panei reset or execution of a RSET 
instruction. 


Memory error, multibit error. Memory error is generated by the control 
logic of the memory controller during a read cycle and sets the error in- 
dication lamp on the selected 256KB add-on memory array board. 


Correctable error, one-bit error detected. The correctable error signal is 
generated by the control logic of the memory controller during a read 
cycle. This indicates that a one-bit error has occurred and sets the error 
indication lamp on the selected 256KB add-on memory array board. 
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Functional Description 


Signature 


TLGO- 


TLREAD 


TLADROO- 


O12 
02- 
03- 
04- 
05- 
06- 
07- 
08- 
09- 
10- 
dis 
12- 
13- 
14- 
15- 
16- 
17- 
18- 


TLADR19- 


TLDATOO- 


01- 
02- 
03- 
04- 
05- 
06- 
07- 
08- 
09- 
10- 
11- 
124 
13- 
14- 


TLDAT15- 


TLTM- 


TLMER- 
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Pin Number 


P1-25 


P1-14 


P2-55 
P2-44 
P2-51 
P2-53 
P2-57 
P2-59 
P2-47 
P2-49 
P2-17 
P2-19 
P2-10 
P2-12 
P2-11 
P2-15 
P2-8 

P2-9 

P2-29 
P2-27 
P2-25 
P2-31 


P2-67 
P2-69 
P2-35 
P2-37 
P2-61 
P2-63 
P2-43 
P2-45 
P2-21 
P2-33 
P2-23 
P2-20 
P1-27 
P1-28 
P1-30 
P1-31 


P1-20 


P1-55 


Table 2-2. TILINE Signal Definitions 
Definition 


TILINE Go: Initiates all data transfers when transition from high (3 V) to 
low (1 V) occurs. 


TILINE Read: When high (3 V), designates a read from SLAVE opera- 
tion; when low (1 V), designates a write to SLAVE operation. 


TILINE address: To define the location of data during a fetch or store 


operation. When high (22 V), the corresponding address bit is a zero; 
when low (<0.8 V), the corresponding address bit is a one. 


TILINE Data: Bidirectionai data lines that, when high (22 V), represent 
zero data bits and, when low (<0.8 V), represent one data bits. 


TILINE Terminate: When low (1 V), indicates that the SLAVE device has 
completed the requested operation. 


TILINE Memory Error: When low (<0.8 V), indicates that a 
nonrecoverable error has occurred during a memory read operation. 
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Functional Description 


Table 2-2. TILINE Signal Definitions (Continued) 








Definition 











TILINE Access Granted: When high (22 V), indicates that no higher- 
priority device has requested use of the TILINE. When low (<0.8 V), 
prevents the receiving device from gaining access to the TILINE bus. 


TILINE Access Granted: When high (22 V), indicates that neither the 
sending device nor any higher-priority device is requesting use of the 
TILINE. When low (<0.8 V), indicates that either the sending device or 
some higher-priority device is requesting use of the TILINE bus and 
prevents all lower-priority devices from gaining access to the bus. 


TILINE Acknowledge: When high (3 V), indicates that no TILINE device 
has been recognized as the next device to use the TILINE. When low 
(1 V), indicates that some TILINE device has requested access, has 
been recognized, and is waiting for the bus to become available. 


TiILINE Avaiiabie: When high (3 V), indicates that no TILINE device is 
using the bus. When low (1 V), indicates that the TILINE bus is busy. 


TILINE Wait: A normally high (3 V) signal that, when low (1 V), tem- 
porarily suspends all TILINE MASTER devices from using the T!ILINE 
bus. This signal is generated by bus couplers to allow them to use the 
bus as the highest-priority user. The cache controller also generates 
TLWAIT- during initialization of the cache controller. 


TILINE I/O Reset. A normally high (22 V) signal that, when low (<0.8V), 
halts and resets all TILINE I/O devices. This signal is a 100- to 
500-nanosecond pulse generated by the RESET switch on the pro- 
grammer panel or by the execution of a RSET instruction in the AU. 


TILINE Power Reset: A normally high (22 V) signal that goes low 

(<0.8 V) to reset all TILINE devices and inhibit critical lines to external 
equipment. The signal is generated by the power supply at least 10 us 
before dc voltages begin to fail during power-down and until dc 


TILINE Power Failure Warning Pulse: A pulse that precedes TLPRES- 
by 2 ms. When low (<0.8 V), indicates that a power-down sequence is 
in progress, allowing the AU to perform its power failure interrupt 


TILINE Hold Signal: A normally high (3 V) signal that goes low (1 V) to 
assert that a central processing unit (CPU) is executing an Absolute 
Value (ABS) instruction. TILINE Hold prevents interference from 
another processor on the TILINE while the first processor is per- 
forming the ABS instruction. This signal is used and propagated by 
TILINE COUPLERS in multiprocessor systems. 


TILINE Cache Enable Signal: The cache memory in the cache controller 





Signature Pin Number 
TLAG (in) P2-6 
TLAG (out) P2-5 
TLAK- P1-71 
TLAV P1-58 
TLWAIT- P1-63 
TLIORES- P1-14 
P2-14 
TLPRES- P1-13 
P2-13 
voltages are stable during power-up. 
TLPFWP- P1-16 
P2-16 
subroutine. 
TLHOLD- P2-26 
TLCACHEN P1-73 
is enabled when this signal is high. 
2250690-9701 
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96K bytes of on-board MOS memory consists 
of three rows of TMS 4116 devices across the 
top of the board. Each row includes the 22 
devices required for the storage of 16 data 
bits and 6 ECC bits. The TMS 4116 chip is 
based on N-channel silicon gate technology, 
and the inputs and outputs are TTL com- 
patible. 


As shown in figure 2-1, the 96KB memory 
controller board includes, in addition to TTL 
control logic, 2 light-emitting diode (LED) er- 
ror indicators, 11 LED chip failure indicators, 
and 2 dual-in-line switch packages. One of 
these switch packages is used to set the 
starting address of the on-board memory. 
The other switch package is used to select a 
TPCS address. The two error-indicating LEDs 
indicate that a one-bit (correctable) error ora 
multibit (uncorrectable) error has occurred 
on this board. The correctable error LED 


lights when the error-correcting logic detects 


and corrects an error in data read from 
memory. The memory error LED lights when 
the error-detecting logic senses a data error 
that cannot be corrected (two or more bits in 
error). 
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Functional Description 


These indicators are set on the first occur- 
rence of the respective error stimulant and 
remain set until the board is powered down 
or until an I/O RSET instruction is issued. The 
additional 11 chip failure LEDs pinpoint the 
memory chip that caused the first single-bit 
error. Any additional errors do not affect the 
chip failure LEDs. However, subsequent er- 
rors are recorded by the two error indicators 
located on the board where the error oc- 
curred. The 11 chip failure indicators are 
divided into 2 groups, as shown in figure 2-2. 
A group of five LEDs forms a binary code that 
identifies the bit that failed. The remaining 
six LEDs form a binary code that identifies 
the row that contains the failing chip. Table 
2-3 summarizes the error indicators and their 
functions. 


The dual-in-lineé base address switch con- 
sists of eight single-pole, single-throw ad- 
dress switches. The address switches cor- 
respond to the 8 most significant bits (MSB) 
of the 20-bit TILINE address and permit board 
starting address selection in 8K-byte _ in- 
crements. Switch 1 is the most significant bit 


Change 1 2-7 


Functional Description 


of the address and switch 8 is the least 
significant bit (LSB). The required switch set- 
tings for the 96KB memory controller are 
shown in table 2-4. Addresses other than 
those shown can be represented in a similar 
manner by using the eight switches to repre- 
sent the binary number. Since each of the 3 
rows of memory devices represents 32K 
bytes of memory, the memory capacity 
available is either 0, 32K, 64K, or 96K bytes. 
Memory size is set by connecting memory 
size jumpers as shown in table 2-5. 


The diagnostic mode pencil switches corres- 
pond to address bits 11 through 18 of the 
20-bit TILINE address bus and select the 
TPCS address used to operate the controller 
in the diagnostic mode. Switch 1 is the most 


significant bit, and switch 8 is the least 
significant bit. This permits the selection of 
512 addresses that fall between F800;., and 
FBFE,., inclusive, in the 15-bit address form 
and between FFCO00,. and FFDFF,. inclusive, 
in the 20-bit form. Table 2-6 shows some 
typical TPCS addresses and their corre- 
sponding switch settings. The recommended 
TPCS addresses for 96KB memory con- 
trollers are shown in table 2-7. Software pro- 
vided by Texas Instruments expects these 
values to be used. 


A host computer may place the 96KB 
memory controller in the diagnostic mode by 
addressing the controller with the correct 
TPCS address (see table 2-7) on the TILINE 


Table 2-3. Description and Function of 96KB Memory Controller Error Indicators 


Indicator Description Display Convention 
Bit In Error Hexadecimal 
Code LED On: Bit = 1 
00 = Bit Od 
OF = Bit 15 
15 = Bit 21 
Row In Error Hexadecimal 
Code LED On: Bit = 1 
00 = Row0 
01 = Row 1 
02 = Row 2 
22 = Row 34 


Memory Error 


Multibit error on 


this board 


Correctable Error 


Single-bit error on 


this board 





LED On: Error 


LED On: Error 
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Figure 2-2. 96KB Memory Controller Board Error Indicators 
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address lines while executing a write opera- 
tion. When in the diagnostic mode, testing of 
all on-board memory banks and add-on ex- 
pansion memory banks may be performed. 


When the proper TPCS address is found to 
be present on the TILINE address lines, the 
controller examines the data bits present on 
the TILINE data bus for instructions on how 
to conduct the self-test. As shown in figure 


Functional Description 


2-3, bits 0 through 3 specify which of the four 
areas of memory on which to administer the 
test. The memory that is mounted on the 
96KB memory controller board is divided into 
Bank A, Bank B, and Bank C. Additional 
memory boards are considered as expan- 
sion. Bank A addresses fall between the base 
address plus 16384,. (16K). Bank B addresses 
start at the end of Bank A and continue for 
another 16K. Bank C addresses fall similarly, 


Table 2-4. 96KB Memory Controller Board, Starting Address Switch Settings 


Beginning Word Number of 
Address on Switch Setiing Memory Words 

Board Below Board 
(de Swi sw2 SW3 SW4 SWS Swe SW7_ SWs 
00000 OFF OFF OFF OFF OFF OFF OFF OFF 0 
01000 OFF OFF OFF OFF OFF OFF OFF ON | 4,096 
02000 OFF OFF OFF OFF OFF OFF ON OFF 8,192 
03000 OFF OFF OFF OFF OFF OFF ON ON 12.288 
04000 OFF OFF OFF OFF OFF ON. OFF OFF 16,384 
05000 OFF OFF OFF OFF OFF ON OFF ON 20,480 
F000 OFF OFF OFF OFF ON ON ON ON 61,440 
40000 OFF OFF OFF ON OFF OFF OFF OFF 65,536 
40000 OFF ON OFF OFF OFF OFF OFF OFF 262,144 
F4000 ON ON ON ON OFF ON OFF OFF 999,424 


Table 2-5. 96KB Memory Controller Board Memory Size Jumper Schedule 


Memory Size (Bytes) 


32K 
64K 


96K 
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Jumper E9 Jumper E10 
OFF OFF 
OFF ON 
ON OFF 
ON ON 
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Functional Description 


Table 2-6. TPCS Addresses and Corresponding Pencil Switch Settings 


CPU TPCS Switch Setting 

Address Address SW1 SW2 SW3 SW4 SWS SW6 SW7_ SWB 
F800-02 FFC00-01 OFF OFF OFF OFF OFF OFF OFF OFF 
F804-06 FFCO2-03 OFF OFF OFF OFF OFF OFF OFF ON 
F81C-1E FFCOE-OF OFF OFF OFF OFF OFF ON ON ON 
F820-22 FFC10-11. OFF OFF OFF OFF ON OFF OFF OFF 
FOFC-FE FFCFE-FF OFF ON ON ON ON ON. ON ON 
FA00-02 FFD00-01 ON OFF OFF OFF OFF OFF OFF OFF 
FBFC-FE FFDFE-FF ON ON ON ON ON. ON. ON _ ON 


Table 2-7. TPCS Locations for the 96KB Memory Controller 


Typical Assignments for 


Memory Devices Device 
FBOO First 96KB memory controller (Switches 1 and 2 On) 
FBO4 Second 96KB memory controller (Switches 1,2, and 8 On) 


BANK B EXPANSION 





BANK A BANK C MODE RESET 


Figure 2-3. TPCS Data Word Bit Assignments 
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starting with the uppermost boundary for 
Bank B and continuing for another 16K. 


Bit 4 controls the mode of the data placed on 
the TILINE data bus. When bit 4 is zero, the 
error correction logic on the controller is 
disabled and data is passed to the CPU un- 
changed. When bit 4 is set to one, the six 
check bits are exchanged for the most 
significant data bits. This allows the user to 
directly access the check bits generated by 
the ECC logic and to monitor their validity. 
Bit 7, when set to one, acts like an I/O reset to 
clear the controller error latches from the 
controller, restoring the memory controller 
board to normal operation. 


When reading the TPCS word, the 96KB 
memory controller places data words on the 
TILINE data bus. The data words read are 


WORD 0 


Functional Description 


even and odd forms of the TPCS address as 
set in the TPCS pencil switches. The content 
and meaning of the two data words are as 
shown in figure 2-4. 


After being placed in the diagnostic mode, 
data bits 0 through 7 of the TILINE data word 
are examined by the diagnostic logic when a 
TILINE write operation is peformed. The user 
can form this data word to control the 
following features: 


e Selection of a portion of memory on 
which to perform the diagnostic test 


e Selection of the diagnostic mode 
e Clearing the error latches 


Expansion memory cannot be modified into 





BASE ADDRESS OF 
CONTROLLER (BIT 0 MSB) 
(INVERTED DATA) 


BIT IN ERROR {1D CODE 
(BIT 8 MSB) (00) 
CORRECTABLE 


ERROR OCCURRED 





NO MEMORY 

1 BANK (16K) 
2 BANKS (32K 
3 BANKS (48K 


—-—_6@OS 
~O=—D 
It 


(A) 140376B 


Figure 2-4. Word 0 and Word 1 Placed on the TILINE Data Bus by the 96KB 
Memory Controller When in the Diagnostic Mode During a Read 


Operation 
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Functional Description 


banks. Data bits 0 through 3 select one or all 
of the banks and/or the expansion. Data bit 4 
selects the mode under which the diagnostic 
should be run. When this bit is zero, the error 
detection and correction logic is disabled in 
the specified banks. When data bit 4 is one, 
the most significant data bits of the word are 
swapped through the multiplexer with the six 
error-checking bits in the banks or memory 
area specified. When bit 7 is one, acommand 
is issued to clear all latches and disable all 
three-state TPCS devices to restore the con- 
troller to normal operation. 


2.2.1 TMS 4116 Memory Chip 

The TMS 4116 memory chip is a monolithic, 
high-speed, dynamic, 16,384-bit MOS RAM 
organized as 16,384 one-bit words. All inputs 
and outputs are compatible with TTL logic, 
including the clocks: Row Address Strobe 
(RAS-) and Column Address Strobe (CAS-). 
The seven address lines and the data-in (Dl) 
lines are latched on the chip to simplify 
system design. The data out (DO) line is 
unlatched to allow greater system flexibility. 
To decode 1 of 16,384 storage cell locations, 
14 address bits are required. To achieve this, 
seven row-address bits are set up on the 
seven address lines and latched onto the 
chip by RAS-. Then, in this system, a column 
address select (CADSEL-) signal applies the 
seven column address bits to the seven ad- 
dress lines. Thé CAS- strobe latches the 
column address bits onto the chip. A refresh 
operation must be performed at least every 
_two milliseconds to retain data. Each of 128 
row addresses is strobed with RAS- to cause 
all bits in each row to be refreshed. Since the 
output buffer is in the high-impedance state 
unless CAS- is applied, the ‘“‘RAS- only” 
refresh sequence avoids any output during 
refresh. CAS- remains high (inactive) for this 
refresh sequence, thus conserving power. 


2.2.2 Control and Operation 

The 96KB memory controller monitors the 
TILINE, decodes addresses on the TILINE ad- 
dress bus, and directs the performance of 
read and write cycles to addressed memory 
under control of a TILINE MASTER device. 
This addressed memory can be on board or 
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located on add-on expansion boards. The 
following functional description is keyed to 
the block diagram for the memory board 
(figure 2-5). 


2.2.2.1. Memory Timer. Pulses used to con- 
trol the timing and sequence of operation 
during memory read and write operations are 
provided by the memory timer. This includes 
timing for the memory refresh cycle that is a 
memory read operation. The memory timer 
consists of two resistance/capacitance (RC) 
timers and two 250-nanosecond delay lines 
along with associated TTL logic. Each 
250-nanosecond delay line has 10 output 
taps that are separated from each other in 
time by 25 nanoseconds. An input signal to 
the delay line is propagated down the line 
and is reproduced at each output tap, with 
each progressive tap introducing an addi- 
tional 25 nanoseconds of delay to the input 
signal. The delayed-by-250-nanoseconds out- 
put of the first delay line is the input to the 
second delay line, providing a total delay of 
500 nanoseconds. 


Reference is made to the simplified func- 
tional diagram for the memory timer in the 
following discussion of the operation of the 
timer (figure 2-6). When the 96KB memory 
controller is not busy with a _ previous 
memory operation nor a refresh operation, 
the asserted TLGO- from the MASTE 

device provides a high BTLGO to trigger the 
two RC timers. In turn, these generate the 
GO120 and GO170 pulses at approximately 
120 and 170 nanoseconds after the asserted 
TLGO-. GO120 clocks a flip-flop to generate 
the row address strobes for both on-board 
use and for add-on memory expansion board 
use. With either the 96KB memory controller 
or add-on memory addressed, the low board 
selected signal (BSEL-) is clocked by GO170. 
A high BSEL- signal produces the low 
ENDCYC- signal to abort the cycle. Assum- 
ing a valid address is presented to the local 
memory or to an add-on memory expansion 
board, as BUSY goes high (at time T170 after 
TLGO- is asserted), a high pulse is clocked 
into the input of the first of the two delay 
lines. At the time T270, a pulse that is 


2250690-9701 


TLDAT-(00-15) 


TLMER- 


TLREAD 


HOST 
TLADR (0-19)— 
TLGO- 
TLPRES- 
TLTM- 
TLIORES- 
(D)} 140064A 


2250690-9701 


PENCIL SWITCH 
TPCS ADDRESS 


LOGIC 


TIMING 


AND 
CONTROL 








Functional Description 


MB-~{00-15) MB-(00-'15) 






MB- (00-05) 














Al ” 08 (0-5) 
DR (0-9) Fae READ - READ - READ- " 
ADR (10 B 
ADR (11-18) ADDRESS ERADOK ERADOK Fees 
DECODE DATA CERREN ( CLEAR ,ERROR CORRECT LOGIC) DB (0-5) i, DO (00-05) 
Locic WORD LATCH oF | 


DECODER 





LREAD 


ene eg 
be. MB- (06-15; 


DB (6-15) | } 1 00 (06-15) 





MB-(0-7) MB+(0-15) 







Sw (9,10)- 







TLADRI9- TLAD R19- 





Di 






BANKS A, B, AND 
Cc DATA BITS 
ARRAY (16 TMS 
4116 S FOR 32K 

BYTES EACH 
BANK) 






LCC (1,2,4,8, 16 
BIT IN ERROR 


CBEN- 


C (ircan- | 
OB (00-15) fas | DB (00-15) 













LREAD 














E Hee (16-21) 
ACTA | Imes! seit 
Y ERROR 
DETECT 
AND CBO (0-5) — 






CORRECT 










POWER 





















FAILURE PARITY 
PROTECT GENERATORS DB (00-05) 
CIRCUITRY CHECKERS SELECT BANKS A, B.A 
i — HBANK ND 
(6 9-BiT . 8, 
DEVICES) cBl (0-5) C CHECK BIT: 


ARRAY (6 TMS DO 

4116 S FOR 16K 
6-BIT WORDS 
EACH BANK) 


R/W (A,B,C) R/W (A,B,C) R/W (A,B,C) 




































































































IR/w 
MEMORY BANK (1-3) RAS (A,B,C)- 
ue a3 Woe ed 
SEL- 
JUMPERS BOARD/BANK 3-STATE 
PERSRER: (| Senietons 
MEMORY sw (1-8) CRCTDN- 
START ADDR. ADODD 
SWITCHES 
ADDRESS 
SUBTRACT OR 
ADR (00-07)— ADRA (06, 07)— CAS (A,B,C) 
ADRA (06,07), 
ADR (08-12)- ADR (08-12)- ADR (08-12),- (ROW) 
ADD (0-6,A,B,.C)- 
ADR (13-19)— ADR (13-19) — ADR (13-19)- (COLU MN) 
vISW 
RFCYC- RFCYC- > REFRESH- REFRESH- 
CADSEL CADSEL 
CADSEL- CADSEL- 
RFCYC- 
RFCYC BINARY RFAD (0-6) READ (0-6) 
COUNTER 0 


IcAS- 





RAS RAS RAS 
a) IRAS- IRAS- 
D 
CADSEL- CADSEL- CADSEL- 
: oe) CADSEL ICADSEL 
ICAS- ICAS- ICAS- ICAS- ICAS- 


EXPANSION 


Figure 2-5. 96KB Memory Controller Block Diagram 
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Functional Description 


delayed by 100 nanoseconds from GO170 is 
used to reset the flip-flop at the input to the 
delay line. This 100-nanosecond-wide pulse 
propagates down the delay lines, providing 
the various delayed pulses as shown in 
figure 2-6. 


2.2.2.2 Address Examination. The TILINE 
address, consisting of address bits 
TLADROO- through TLADR19-, is presented 
to the 96KB memory controller at the time 
TILINE GO (TLGO-) is asserted by the TILINE 
MASTER device. The eight most significant 
bits, TLADROO- through TLADRO/7-, are ap- 
plied to an adder circuit, where the starting 
address of the board as set by the start ad- 
dress switches on the board, is, in effect, 
subtracted, and the resultant output bits 
ADROO- through ADROQ7- are generated, With 
the board not busy (CADSEL- is high), ad- 
dress bits ADROO- through ADRO5- and the 
output of two memory size jumpers are 
enabled as inputs to the board/bank address 
decoder. A valid address presented to the 
board/bank address decoder (that is a 
preprogrammed logic array) develops a low 
board selected signal, SEL-, and a high at 
one of the three BANK signals. At approx- 
imately 170 nanoseconds after TLGO- is 
asserted, and with the board selected, the 
GO170 output from the board timer clocks 
_ BUSY high and the memory read or write cy- 
cle operation is continued. If the address is 
not valid for the board or for any add-on 
memory board, BUSY remains low, and a 
high BSEL- signal ANDed with GO170 pro- 
duces a low ENDCYC- to abort the cycle as 
previously described. Output bits of the ad- 
dress subtractor ADRO6- and ADRO7-, along 
with TILINE address bits TLADRO8- through 
TLADR12- are applied as the row address in- 
puts to the row/column address select cir- 
cuit. Address bits TLADR13- through 
TLADR19- are the column address inputs to 
the row/column address select circuit. With 
no refresh operation in progress, the row ad- 
dress inputs are latched onto the memory 
chips in the addressed bank as the row ad- 
dress strobe, RAS, is clocked high by the 
GO120 output from the memory timer. The 
GO170 output from the memory timer clocks 


2-16 


CADSEL- low, and the column address in- 
puts to the row/column address select are 
selected for output to the memory chips. The 
T220 output from the timer clocks the col- 
umn address strobe CAS high to latch the 
column address bits onto the memory chips 
in the address bank. 


2.2.2.3 Memory Write Cycle. To execute a 
write to memory cycle, the TILINE master 
device asserts TLGO- and at the same time 
asserts the write command, TILINE READ 
(TLREAD), by setting both signals low. 
TLREAD causes the read/write input to the 
memory devices to go low, thereby placing 
the board in the write mode. The MASTER 
also generates valid write data on the data 
bus (TLDAT-) and a valid 20-bit address 
(TLADR-) on the address lines. The asserted 
TLGO- triggers the memory timer, and after 
120 nanoseconds GO120 is generated to 
clock row address strobe (RAS) high and to 
also provide the row address strobe, IRAS-, 
for the add-on memory expansion boards. 
RAS is ANDed with the selected bank signal 
to provide a low row address strobe that 
latches the seven row address bits onto the 
selected bank of memory devices. A delayed 
strobe output from the memory timer GO170, 
is used to interrogate the results of address 
decoding on the 96KB memory controller and 
on the add-on expansion boards. With a valid 
address decoded, the low BSEL- clocked by 
GO170 generates a high BUSY signal. The 
high BUSY signal clocks a 100-nanoseconds 
wide pulse that is applied to the input of a 
500-nanosecond delay line. The effect is that 
the delay line is activated at time 1170 
(nanoseconds) after TLGO- is asserted. 


At time 1170, the column address select 
signal CADSEL- is clocked low and the col- 
umn address bits are selected for application 
to the addressed bank of memory devices. 
The column address strobe, CAS, is clocked 
high by T220 to strobe the column address 
bits, the 16 data bits, and the six check bits 
that are generated by check logic on the 
board into the selected memory bank. Also 
generated at this time is the column address 
strobe for add-on memory, ICAS-. For a 
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memory write cycle, the T345 output from the 
memory timer ANDed with a high READ- 
signal generates the TILINE terminate signal 
TLTM- for transmission to the TILINE inter- 
face. The time from receipt of the asserted 
TLGO- to the transmission of TLTM- is 
typically 370 nanoseconds. However, the 
time for a memory write cycle, the time from 
the beginning of a write cycle until a new 
memory cycle can begin, is typically 520 
nanoseconds. TLGO- can be asserted by the 
master device before then but will be ignored 
until the memory busy signal is released. The 
positive transition of TCYC generated by the 
memory timer occurs at time T520 to signal 
the completion of the memory write cycle by 
changing the state of the flip-flop that 
generates the BUSY signal. 


2.2.2.4 Memory Read Cycle. To execute a 
memory read cycle, the TILINE master device 
asserts TLGO- low and TLREAD high. 
TLREAD generates a high at the read/write in- 
put to the memory devices, thereby placing 
ithe memory board in the read mode. 


The master also generates a valid address on 
the address lines. The address is decoded 
and interrogated, the row address strobe 
(RAS), column address select (CADSEL-), 
and the column address strobe (CAS) are 
generated and used in the same manner as 
was described for the memory write cycle. 
With the memory board addressed and in the 
read mode, the low RSEL- signal enables the 
16 output data bits from the addressed 
memory through three-state buffers and 
latches. Each data bit is applied as one input 
to an exclusive-OR gate. Similarly, RSEL- 
enables six check bits to the error detect 
logic. RENAB-, clocked low by time T1370 
pulse output from the memory timer, enables 
the 16 data bits onto the data bus. However, 
data is not valid to the master device until 
TLTM- is asserted by the memory board. 
With no error detected, at time T1445 the 
TACC output from the memory timer, ANDed 
with the high ERROR- signal, asserts TLTM- 
low. The master device accepts data as valid 
and releases TLGO-. A detected and correct- 
able error generates an output from the error 
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detect logic that is applied to the other input 
of the exclusive-OR gate for the data bit in 
error to change the sense of that data bit, 
thereby correcting the error. At the same 
time, the ERROR- signal driven low inhibits 
the assertion of the valid data signal, TLTM-, 
to the MASTER device. (After an appropriate 
delay to permit data correction, the positive 
transition of the TCERR output from the 
memory timer at time T520 asserts TLTM- to 
the master device.) 


2.2.2.5 Memory Refresh Controller. A_ re- 
fresh of the memory cell matrix is ac- 
complished by performing a memory cycle at 
each of the 128 row addresses every two 
milliseconds to preserve data that is stored 
in the dynamic MOS memory storage cells. 
The refresh address lines at the output of the 
refresh controller replace the normal row and 
column address lines to refresh 1/128th of 
the memory during a refresh cycle. Refresh 
cycles are synchronized with memory re- 
quests and begin immediately following the 
first memory cycle that occurs after the 
refresh request is made. In the event that no 
memory requests are made before a second 
refresh request occurs, a refresh cycle is 
forced at the time of the second refresh re- 
quest. When main power is removed from 
memory, the memory is said to be in the 
standby mode. While in this standby mode, 
only that circuitry required to maintain the in- 
tegrity of the refresh controller is powered by 
the power supply battery. Refresh requests 
are generated at the same rate as when main 
power is on. When a refresh request occurs, 
the required address and control logic is 
switched on and the refresh cycle is exe- 
cuted. The address and control logic power 
is switched off at the completion of each 
single cycle. The refresh controller consists 
of a free-running oscillator, four flip-flops, 
and a binary counter. (Figure 2-7 is a 
simplified functional diagram of the refresh 
controller.) The output of the oscillator is 
ANDed with PWRON to generate 128 refresh 
clock pulses, labelled RFCLK, every two 
milliseconds. RFCLK clocks a high RFREQ 
to the inputs of refresh flip-flop 2 and the 
forced refresh flip-flop. If a memory cycle is 
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in progress or if a memory cycle occurs 
before the next RFCLK pulse is issued, the 
column address strobe, CAS, clocks the high 
through to the input of refresh flip-flop 3. At 
the end of the memory cycle, the positive- 
going RAS- signal clocks the high through 
this fiip-fiop to generate the RFCYC and 
RFCYC- signals. RFCYC is used to incre- 
ment the 128-count binary counter by one for 
each refresh cycle. The output of the counter 
is selected during a refresh cycle to address 
each of the 128 rows of the memory devices 
in turn, one row for each refresh cycle. The 
high RFCYC is applied at the input to the 
board/bank address decoder to enable all 
banks of memory during a refresh cycle. In 
the absence of normal memory cycies, CAS 
and RAS- are not available to clock the flip- 
fiops in the method just described, and an 
alternate method of forcing refresh cycles is 
used. As before, the first RFCLK pulse 
clocks a high RFREQ to the inputs of two 
separate flip-flops. The flip-flop normally 
clocked by CAS remains static in the 
absence of a memory cycle, and the next 
RFCLK pulse generated clocks RFREQ 
through the forced refresh flip-flop as a high 
input to a NAND gate. With a memory cycle 
not in progress, the other two inputs to the 
NAND gate (RTLGO- and BUSY-) are high. 
The low SRFR- output of the NAND gate sets 
refresh flip-flop 3 to generate the RFCYC and 
RFCYC- signals. Since refresh flip-flop 1 is 
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not reset by the ANDed outputs of refresh 
flip-flops 2 and 3, REFREQ at the input to the 
forced refresh flip-flop stays high, and all en- 
suing RFCLK pulses generate forced refresh 
cycles in the absence of normal memory 
cycles. 


2.2.2.6. Error Checking and Correction. The 
error correction code is a modified Hamming 
code that allows for correction of any single- 
bit error and detection of any double-bit error 
that may occur when processing data to 
either on-board memory or to add-on memory 
array boards. A three-bit or greater number of 
errors causes erroneous operation of the 
checking logic. The. gross error condition, 
wherein all Os or all 1s are returned from 
memory, is detected as an error. During a 
write cycle, the 16 data bits are applied toa 
check bit generator that provides the six 
check bits, CB10 through CB15, at the same 
time that the data word is written into 
memory. The check bit generator consists of 
six 9-input odd/even parity generators/ 
checkers. During a write cycle, eight data 
bits are applied as inputs to each of the six 
parity generators/checkers with the pattern 
shown in figure 2-8. 


The six check bits generated are stored in 
memory along with the 16 data bits. During a 
read cycle, the six check bits are read out of 
memory as CBO0- through CB05- along with 


10 11412 13 14 15 


Figure 2-8. Error Correcting Code Bit Patterns 
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the data bits. The check bits, along with their 
corresponding data bits, are applied to the 
parity generators/checkers that are acting as 
Q-input devices. If the parity of all six 
groupings of data and check bits are correct, 
the assumption is made that no error has 
occurred. Note that the sense of two of the 
check bits (bits 0 and 1) is inverted to assure 
that the gross error condition of all Os or all 
1s is detected. If the parity of one or more of 
the check groups is incorrect, an error has 
occurred and the correction logic is enabled. 
The correction logic looks at the output of 
the six parity generators/checkers as a 6-bit 
code. Any single data bit error will change 
the sense of exactly three check bit lines and 
generate a code unique to that bit. The cor- 
rection logic decodes this unique code, 
determines that the error is correctable, and 
inverts the specified data bit. Any single 
check bit error will change the sense of ex- 
actly one check bit line and generate a code 
unique to that bit. The correction logic will 
decode this unique code and pass the data 
with no modification. Any two data bits in 
error will change the sense of an even 
number of check bit lines and generate 
codes that are not unique to any given error 
combination. Therefore, a memory error is 
signaled and the data is not modified. Three 
or more bit errors generate codes that may 
indicate either no error, a correctable error, 
or an uncorréctable error, but in each in- 
stance an erroneous result is produced. 


2.3  256KB ADD-ON MEMORY ARRAY 


The 256KB add-on memory array board con- 
tains the storage elements, address 
decoding logic, and control and data buffers 
for up to 256K bytes of MOS RAM on the 
board. The board is used in conjunction with 
the 96KB memory controller (or the cache 
controller) to provide high-density main 
memory for the computer. Up to four of the 
256KB add-on memory array boards may be 
under the control of one memory controller. 
The 256KB add-on memory array board inter- 
face to the TILINE consists of the TILINE ad- 
dress lines and power lines and is made 
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through two 80-pin connectors at the bottom 
edge of the board that installs into the com- 
puter chassis. Two 50-pin connectors at the 
top edge of the board provide the data path 
and control signals interface to the 96KB 
memory controller. Memory on the 256KB 
add-on memory array board consists of from 
one to four banks of memory chips. Each 
bank consists of 2 rows of 22 memory chips 
(1 row for even and 1 row for odd word ad- 
dresses). Double-word read and single-word 
write cycles are implemented for use with 
the cache controller. 


As shown in figure 2-9, the address decoding 
logic and the control and data buffers for the 
256KB add-on memory array board are im- 
plemented in TTL devices located on one 
side of the board. The eight rows (or four 
banks) of the TMS 4116 MOS memory 
devices extend across the rest of the board, 
with row and bank designations as shown in 
figure 2-9. Also installed on the board are two 
LED error indicators and the dual-in-line 
switch package used to set the starting ad- 
dress of the board. The two error-indicating 
LEDs indicate that a one-bit (correctable) er- 
ror or a multibit (uncorrectable) error has oc- 
curred on this board. These indicators are set 
on the first occurrence of the respective error 
stimulant and remain set until the system is 
powered down or until an I/O Reset instruc- 
tion is issued. The dual-in-iine switch con- 
sists of eight single-pole, single-throw 
switches. The address switches correspond 
to the eight most significant bits of the 20-bit 
TILINE address and permit board starting ad- 
dress selection in 8K-byte increments. 
Switch 1 is the most significant bit of the ad- 
dress and switch 8 is the least significant bit. 
To set the starting address switch settings 
for the 256KB add-on board, use the switch 
settings provided for the 96KB memory con- 
troller (table 2-4). The memory capacity may 
be set in increments of from one to four 
banks of memory. Since each bank of 
memory represents 64K bytes of memory, 
the memory capacity available is either 64K, 
128K, 192K, or 256K bytes. Memory size is set 
by connecting jumpers across the terminals 
of E9 and E10 as shown in table 2-8. 
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Functional Description 


The description that follows is keyed to the 


functional block diagram for the 256KB adda- 


on memory array board, figure 2-10. 


2.3.1 Examination of Address 

TILINE address bits TLADROO- through 
TLADR18- are presented to the 256KB add- 
on memory board at the same time that 
TLGO- is asserted to the memory controller. 
The eight most significant bits, TLADROO- 
through TLADRO7-, are applied to an address 
adder circuit on the 256KB add-on memory 
board, where the starting address of the 
board as set by the starting address switches 
on the board is in effect subtracted. The 
resultant output address bits, ADROO- 
through ADRO7-, are generated as the sum of 
this subtraction. With the board not busy, 
CADSEL- is high and address bits ADROO- 
through ADRO4- are enabled as inputs to the 
board/bank address decoder. A valid address 
presented to the board/bank address 
decoder develops a low board selected 
signal, SEL-, and a high at one of four BANK 
signals. 


The SEL- enables a low IBSEL- interface 
signal to notify the memory controiler that a 
valid address has been decoded and the 
memory read or write cycle is continued as 
described in the theory of operation for the 
memory controller. Output bits of the ad- 
dress subtractor ADROS5- through ADRO7- 
and TILINE address bits TLADRO8- through 
TLADR11- are applied as the row address in- 


puts to the row/column address select cir- 
cuit. Address bits TLADR12- through 
TLADR18- are the column address inputs to 
the row/column address select circuit. With 
no refresh operation in progress, the row ad- 
dress strobe from the memory controller, 
IRAS-, is clocked low at time T1120. At time 
T170, ICADSEL from the memory controller 
changes state, and the column address in- 
puts to the row/column address select circuit 
are selected for output to the memory chips. 
Then at time T220, the column address 
strobe from the memory controller, ICAS-, 
changes state to latch the column address 
bits onto the memory chips in the addressed 
bank. 


2.3.2 Write Cycle 

master device asserts TLGO- and at the 
same time asserts the write command 
TILINE READ (TLREAD) by setting both 
signals low. The master also generates valid 
write data on the data bus (TLDAT-) and a 
valid 20-bit address (TLADR-) on the address 
lines. The memory interface circuits on the 
96KB memory controller receive the TLGO- 
as the 256KB add-on-memory board decodes 
the address to determine if the address is 
valid for that board (as set on the memory 
start address switches and memory size 


_ jumpers). The asserted TLGO- triggers the 


memory timer on the memory controller that 
produces a delayed strobe to interrogate the 
results of the address decoder. If no valid ad- 


Table 2-8. Memory Size Jumpers for 256KB Add-On Memory Array Board 


Memory Size (Bytes) 


64K 
128K 
192K 


256K 
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Figure 2-10. 256KB Add-On Memory Array Board Block Diagram 
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dress is decoded on the memory controller 
or on any 256KB add-on memory board, a 
cancel signal is produced that aborts the cy- 
cle. When a valid address is decoded on the 
256KB add-on memory, the memory timer on 
the memory controller generates the follow- 
ing interface signals to the 256KB add-on 
memory board in this sequence: 


e Row address strobe (IRAS-) to strobe 
seven address bits into the selected 
memory banks 


e Column address select (ICADSEL) to 
select the second set of seven address 
bits 


e Column address strobe (ICAS-) to 
strobe the second set of address bits, 
the 16 data bits, and the six check bits 
generated by the memory controller 
check logic in the selected memory 
bank. The memory timer also generates 
the TILINE terminate (TLTM-) to the 
TILINE bus. 


The data word is steered to either the odd or 
even row of the selected bank by the ADODD 
signal that is generated by the memory con- 
troller from the least significant TILINE ad- 
dress bit, TLADR19-. The time from receipt 
of TLGO- to transmission of TLTM- is 
typically 370 nanoseconds. 


2.3.3 Read Cycle 

To execute a memory read cycle, the TILINE 
master device asserts TLGO- low and 
TLREAD high. The master also generates a 
valid address on the address lines. The ad- 
dress is decoded and interrogated. The row 
address strobe (RAS-), column address 
select (ICADSEL), and the column address 
strobe (ICAS-) are generated and used in the 
same manner described for the memory write 
cycle. Both the odd and even rows of the 
selected bank are accessed. The data word 
that is returned to the memory controller is 
specified by the ADODD control line as it 
generates either of two enabling signals, 
EVOUT- or ODOUT-. This line may be tog- 
gled after the first data word has been 
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latched to provide the alternate word for 
cache storage. The odd-even words are con- 
tiguously addressed, with the odd word 
always being the next higher word ad- 
dressed. The time from receipt of TLGO- to 
transmission of TLTM- is typically 520 
nanoseconds if no error is detected in the 
data accessed from memory, and 620 
nanoseconds if an error is detected and error 
correction logic is enabled. If the correction 
logic on the memory controller determines 
that the error is not correctable, the ac- 
cessed data is not modified and TILINE 
memory error (TLMER-) is asserted in addi- 
tion to TLTM-. 


2.3.4 Refresh Cycle 

Refresh timing for the 256KB add-on memory 
is controlled by the 96KB or cache memory 
controller that must produce 128 refresh 
cycles for each refresh period. For each 
refresh cycle, the memory controller pro- 
vides the refresh address (RFADO through 
RFAD6), the REFRESH signal, and the row 
address strobe (IRAS-). The REFRESH signal 
applied to the board/bank address decoder 
on the 256KB add-on memory board, in turn 
generates the board-selected IBSEL- signal 
that is sent to the memory controller. All the 
memory banks on the memory array are 
refreshed simultaneously. While in standby 
mode, only the circuitry required to maintain 
the integrity of the refresh logic is powered 
by the power supply battery. Refresh re- 
quests are generated at the same rate as 
when main power is on. When a request oc- 
curs, the required address and control logic 
is switched on and the cycle is executed. The 
address and control logic is switched off at 
the completion of each single cycle. 


2.4 CACHE CONTROLLER 


The cache controller is a multilayered printed 
circuit board that contains all memory con- 
trol logic as well as the storage elements for 
64K bytes of primary memory and 2K bytes of 
cache memory, and the control logic for up to 
1M bytes of additional memory on 
associated add-on memory expansion 
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boards. The cache controller uses a cache 
technique to improve the effective operating 
speed of primary memory. Under the cache 
concept, frequently used data is copied from 
the relatively slow primary memory into a 
small, fast cache memory. Subsequent calls 
to data residing in the cache can be honored 
many times faster than data from primary 
memory. The cache controller interface to 
the TILINE bus is made through the two 
80-pin connectors at the bottom edge of the 
board that installs into the chassis slot. Two 
50-pin connectors at the top edge of the 
board are used to interface with expanded 
memory. 


As was true for the 96KB memory controller, 
up to four of the 256KB add-on memory array 
boards may be controlled by the cache con- 
troller. Cycle control and refresh control for 
the add-on array boards are provided by the 
cache controller but the add-on boards inter- 
face directly with the TILINE for address 
selection. 


The cache controller circuits, including the 
ECC circuits, are implemented in TTL 
devices on the lower half of the board, as 
shown in figure 2-11. The 64K bytes of on- 
board MOS primary memory consist of two 
rows Of TMS 4116 devices across the top of 
the board. Each row includes the 22 devices 
required for the storage of 16 data bits and 
the 6 error checking bits. The TMS 4116 chip 
is organized as 16,384 one-bit words housed 
in a 16-pin, dual-in-line package. The chip is 
based on N-channel silicon gate technology, 
and the inputs and outputs are TTL compati- 
ble. The 2K bytes of cache memory consist 
of two banks of memory devices grouped in 
the center of the board’s lower edge. Each 
bank includes the 14 devices required for the 
storage of the 16 data bits, 2 data parity bits, 
a data error bit, 11 address bits, 2 address 
parity bits, and a validity bit. The memory 
device is organized as 256 4-bit words in an 
isoplanar TTL, 22-pin, dual-in-line package. 
The device has a typical read access time of 
30 nanoseconds and has three-state outputs. 


As shown in figure 2-12, the cache controller 
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includes 3 LED error indicators, 11 LED chip 
failure indicators, and an LED HIT indicator. 
The 3 error-indicating LEDs are dedicated to 
the following functions: 


e To indicate that a single-bit, correctable 
primary memory error has been 
detected and corrected (CERR). 


¢ To indicate that a multibit, uncor- 
rectable primary memory error has been 
detected and placed on the data bus un- 
modified (MERR). 


¢ To indicate that a parity error has oc- 
curred in either the cache data or the 
cache data address. The requested 
word is provided from primary memory 
instead of cache (CAER). 


The error-indicating LEDs are set on the first 
occurrence of an error stimulant and remain 
set until the board is powered down or untila 
RSET instruction is issued. 


The additional eleven chip-failure indicators 
pinpoint the memory chip that caused the 
first single-bit error and are divided into two 
groups, as shown in figure 2-12. A group of 
five indicators form a binary code that identi- 
fies the bit that failed. The remaining six 
LEDs form a binary code that identifies the 
row that contains the failing chip. Additionai 
errors do not affect these indicators but are 
recorded by the two error indicators located 
on the add-on memory expansion board 
where the error occurred. 


The HIT indicator lights whenever the ad- 
dressed word in a memory read or write 
operation resides in cache memory. Table 2-9 
summarizes the indicators and their func- 
tions. 


Each of the dual-in-line switches consists of 
eight single-pole, single-throw, push-type 
switches. As shown in figure 2-11, one 
switch package is used to set the cache con- 
troller’s on-board memory starting address. 
The other package selects the TPCS address 
of the board. 
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The memory starting address switches cor- 
respond to the eight most significant bits of 
the 20-bit TILINE address and permit board 
starting address selection in 8K-byte_ in- 
crements. Switch 1 is the most significant bit 
of the address, and switch 8 is the least 
significant bit. Operation of these address 
switches is identical to those of the 96KB 
memory controller. The required switch set- 
tings for the cache controller are the same as 
those for the 96KB memory controller (see 
table 2-4). Addresses other than those shown 
can be represented in a similar manner by us- 
ing the eight switches to establish the binary 
number. 


The diagnostic mode pencil switches corre- 
spond to address bits 11 through 18 of the 
20-bit TILINE address bus and select the 
TPCS address that is used to operate the 
controller in the diagnostic mode. Switch 1 is 
the most significant bit of the address, and 
switch 8 is the least significar.: bit. This per- 
mits the selection of 512 addresses that fall 


Functional Description 


between F800,. and FBFEx., inclusive, in the 
15-bit address form. The 20-bit address is 
generated in the address development pro- 
cess. Table 2-6 lists several examples of 
TPCS addresses and their corresponding 
switch settings. These settings are operated 
identically for the cache controller. The 
recommended TPCS addresses for cache 
controllers are shown in table 2-10. Software 
provided by Texas Instruments expects 
these values to be used. 


2.4.1. Cache Operation 

The cache controller makes the primary 
memory appear to operate faster by storing 
copies of often-used memory word pairs in a 
small, fast-access memory. The cache con- 
troller stores in cache the contents of the 
last 512 odd/even memory word pairs re- 
quested by a TILINE master device. An odd 
memory word is a word with an address in 
which the least significant bit is one. An even 
memory word is a word with an address in 
which the least significant bit is zero. A pair 


Table 2-9. Description of Cache Controller Indicators 


Indicator Function 

HIT Indicates that the addressed word in a 
read or write operation resides in 
cache memory. 

ROW These six LEDs indicate in hexa- 
decimal the row that sustained a data 
recovery error. Refer to table 2.3. 

BIT These five LEDs indicate in hexa- 
decimal the bit determined to be in er- 
ror. Refer to table 2-3. 

CAER An uncorrectable cache error has 
occurred. 

CERR A correctable primary memory data 
error has occurred. 

MERR An uncorrectable primary memory data 


error has occurred. 
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Functional Description 


of data words whose addresses are identical 
except for the sense of the least significant 
bit is called an odd/even word pair. When a 
primary memory word is requested by the 
TILINE master device, the cache logic 
searches the collection of data words in the 
fast memory (cache memory) to see if the re- 
quested word is present. If the requested 
word is not present, the cache logic adds the 
new word to the cache memory along with 
the other member of the odd/even word pair. 
With the cache option enabled, any of the 
following possibilities may occur during a 
read or write operation. 


e A valid memory address is decoded but 
is not present in the cache memory. If 
the memory operation is a read opera- 
tion, the requested word and the other 
member of the odd/even pair are 
fetched from primary memory and 
copied to the cache memory. If the 
memory operation is a write operation, 
the specified word is updated in primary 
memory only and no action is taken by 
the cache controller to add this word to 
the cache memory. 


e A valid memory address is decoded and 
is present in the cache memory. If the 


memory operation is a read operation, 
the requested word is copied from the 
cache memory to the TILINE data bus. If 
the memory operation is a write opera- 
tion, both the cache memory and the 
primary memory are updated. 


¢ A nonvalid memory address is found on 
the TILINE address bus. The cache con- 
troller takes no action and the TILINE is 
relinquished after a specified timeout 
period. 


¢ The cache controller board is busy with 
either a memory refresh cycle or a 
memory cycle with another master 
device. The master device encountering 
the busy indication must wait for the 
cache controller board to become free. 


The cache for the cache controller is enabled 
via the TPCS write word addressed to the 
cache controller. Addressing the cache con- 
troller’s selected TPCS in a write operation 
with bit 9 of the word low, enables the cache. 
Similarly, setting this bit high disables the 
cache option and the board functions as a 
primary controller only. 


The cache controller is equipped with error 


Table 2-10. Recommended TPCS Settings for One or More Cache Controllers 


CPU Address 


FB10 (Switches 1, 2, and 6 ON) 
FB14 (Switches 1, 2, 6, and 8 ON) 


FB18 


Note: 


TILINE Address Module 
FFD88& 1st Cache Controller 
FFD8A 2nd Cache Controller 
FFD8C 3rd Cache Controller* 


“Additional controllers placed every four bytes (CPU address). 
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detection and correction circuits that 
generate error prevention data. The error 
prevention information is stored with other 
cache data as shown in figure 2-13. When the 
cache controller board is powered up or 
when an instruction is issued through the 
TPCS, an initialization sequence is executed 
on the cache controller. Initialization con- 
sists of setting all validity bits low and clear- 
ing all error logic. Validity bits are then 
generated and stored with all cached data 
word addresses. The sense of the validity bit 
is high when the cache is operating normally 
and low during intialization or when an error 
condition occurs. When a data word is 
fetched from the cache memory, the validity 
bit is checked along with the associated par- 
ity bits. If the validity bit is high, the fetched 
data word is treated normally. If the sense of 
the validity bit is low, the cache version of 
the requested word is discarded and the 
fetch is made from primary memory instead. 


2.4.2 Cache Memory Control and Operation 
The cache memory controller monitors the 
TILINE, decodes addresses on the TILINE ad- 
dress bus, and directs the performance of 
read and write cycles to addressed memory 
under control of a TILINE master device. This 
addressed memory can be on the cache 
memory controller board or located on add- 
on expansion boards. Figure 2-14 shows the 
data flow for the cache memory controller. 
The following functional description is keyed 
to the block diagram for the cache memory 
controller, figure 2-15, and to the logic 
diagram for the board, found in section 4. 


2.4.2.1. Cache Memory Board Timer. Pulses 
used to control the timing and sequence of 
operations during memory read and write 
operations are provided by the memory timer. 
This includes timing for the memory refresh 
cycle that is in itself a memory read opera- 
tion. The memory timer consists of two 
resistance/capacitance (R/C) timers, a 
20-nanosecond delay line, a 30-nanosecond 
delay line, and two 250-nanosecond delay 
lines, along with associated TTL logic. Each 
250-nanosecond delay line has 10 output 
taps that are separated from each other in 
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Functional Description 


time by 25 nanoseconds. An input signal to 
the delay line is propagated down the line 
and is reproduced at each output tap, with 
each progressive tap introducing an addi- 
tional 25 nanoseconds of delay to the input 
signal. The delayed-by-250-nanoseconds out- 
put of the first delay line is the input to the 
second 250-nanoseconds delay line, pro- 
viding a total delay of 500 nanoseconds. 


Reference is made to the simplified func- 
tional diagram for the memory timer (figure 
2-16) in the following description of the 
operation of the timer for a normal, primary 
memory cycle. 


When the cache memory board is not busy 
with a previous memory operation or a 
refresh operation, the asserted TLGO- from 
the master device provides a high BTLGO to 
trigger one of the RC timers, which, in turn, 
generates a GO110 pulse at approximately 
110 nanoseconds after the asserted TLGO-. 
GO110 clocks a flip-flop to generate the row 
address strobe for both on-board use and 
add-on memory expansion board use. The on- 
board row address strobe (RAS) is also ap- 
plied to a 30-nanoseconds delay circuit that 
provides a GO150 signal at its output. With 
either the cache controller or an add-on 
memory board addressed, the low board 
selected signal, BSEL-, is clocked by GO150 
to send the BUSY signal high. If neither local 
memory nor add-on memory is addressed, 
GO150 and the high BSEL- and BUSY- 
signals produce the low ENDCYC- to abort 
the cycle. Assuming a valid address is 
presented to the local memory or to an add- 
on memory expansion board, as BUSY goes 
high (at time T150 after TLGO- is asserted) a 
high pulse is ciocked into the input of the 
first of two delay lines. At the time T250 out- 
put of the first delay line, the delayed-by-100- 
nanoseconds pulse is used to reset the flip- 
flop at the input to the delay line. This sets 
the width of the input pulse to the delay line 
at 100 nanoseconds. The 100-nanosecond 
puise propagates down the delay lines, pro- 
viding the various delayed pulses at outputs 
of the delay lines, as shown in figure 2-16. 
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Figure 2-15. Cache Controller Block Diagram (Sheet 2 of 2) 
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Functional Description 


An alternate 110-nanosecond timer is used to 
guarantee that the GO110 signal does not 
occur until 110 nanoseconds after TLGO- is 
asserted or 110 nanoseconds have elapsed 
since the board was busy with either a 
refresh cycle, an initialization cycle, or a 
cache storage operation. 


The GO110A pulse is synchronized with the 
GO110 output of the other RC timer by 
applying the two signals to an AND gate. The 
output of the AND gate, delayed by 20 
nanoseconds, provides the GO130 signal 
that is used in the timing of cache opera- 
tions. 


2.4.2.2 Primary Memory Address Examina- 
ww.l The TILINE address, consisting of ad- 
dress bits TLADROO- through TLADR19-, is 
presented to the cache memory controller 
board at the time TILINE GO (TLGO-) is 
asserted by the TILINE master device. As 
shown in figure 2-15, the eight most signifi- 
cant bits of the address, ADROO- through 
ADRO7-, are applied to address comparison 
logic. In the address comparison logic, the 
board start address, as set by the start ad- 
dress switches, is subtracted from the eight 
most significant bits of the TILINE address 
to generate resultant output address bits 
ADDROO- through ADDRO7-. When _ the 
cache controller is addressed, address bits 
ADDR-(00-04) provide an SEL signal that is 
latched at the output of a bistable latch as 
signals LSEL and LSEL-. The LSEL signal 
generates a low BSEL- signal that is applied 
as the D-input to a flip-flop (See figure 2-15). 
At approximately 150 nanoseconds after 
TLGO- is asserted, the GO150 output from 
the board memory timer clocks BUSY high 
and the memory read or write operation is 
continued. If the address is not valid for the 
board or for any add-on memory board, BUSY 
remains low and the high BSEL- signal, 
ANDed with high signals GO150 and BUSY-, 
produce a low ENDCYC- to abort the cycle. 


Buffered TILINE address bits ADR12- 
through ADR18- are applied as the row ad- 
dress inputs to the row/column address 
select circuit. Output bits of the address sub- 
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tracter, ADDRO5- through ADDRO7- along 
with buffered TILINE address bits ADRO8- 
through ADR11- are applied as the column 
address inputs to the row/column adress 
select circuit. With no refresh operation in 
progress, the row address inputs are latched 
onto the primary memory chips as the row 
address strobe, RAS, is clocked high by the 
GO110 output from the memory timer. The 
time T150 output from the memory timer 
clocks CADSEL high and the column address 
inputs to the row/column address select cir- 
cuit are selected for output to the memory 
chips address lines. The time T200 output 
from the memory timer clocks the column ad- 
dress strobe, CAS, high to latch the column 
address bits onto the memory chips. 


2.4.2.3 Memory Write Cycle. To execute a 
write to memory cycle, the TILINE master 
device asserts TLGO- low and at the same 
time asserts the write command by setting 
TLREAD low. TLREAD causes the read/write 
input to the primary memory devices to go 
low, thereby placing the memory board in the 
write mode. The master also generates valid 
write data on the data bus (TLDAT-) along 
with a 20-bit TILINE address on the address 
lines. The memory board interface logic 
receives the TLGO- transmitted from the 
master device and decodes the address to 
determine if the cache memory controller 
board is addressed. The cache logic atso 
begins to determine if the addressed word 
resides in the cache memory. A valid 20-bit 
address (TLADR-) on the address lines pro- 
vides a high latched board selected signal 
(LSEL). If a valid address is not decoded, an 
ENDCYC- signal is generated that aborts the 
cycle. If a valid address is decoded and the 
address is also found to reside in cache, a 
cache present signal is generated at the out- 
put of the address comparator of the cache 
bank addressed. The cache address present 
signal generates a high cache busy signal 
that causes the TILINE data bits, 2 data parity 
bits, 1 data error bit, the 11 most significant 
address bits, a validity bit, and 2 address pari- 
ty bits to be stored in cache memory. Cache 
memory storage occurs at time T250 of the 
memory cycle. 
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The TILINE data bits are also written into 
primary memory as follows. At approximately 
110 nanoseconds after the asserted TLGO-, 
GO110 clocks the row address strobe (RAS) 
high and also provides the row address 
strobe (IRAS-) for add-on memory expansion 
boards. RAS is ANDed wiih tne iatched board 
selected signal (LSEL) to provide a low row 
address strobe that latches the seven row ad- 
dress bits onto the primary memory devices 
address lines. With signal CADSEL low at 
this time, the A-input to the row/column ad- 
dress select logic, address bits ADR12- 
through ADR18-, is selected to provide the 
seven row address bits for application to the 
memory device address lines. 


At time T150, column address select signal 
CADSEL is clocked nigh and the coiumn ad- 
dress bits are selected for application to the 
address lines of the memory devices. The 
column address strobe, CAS, is clocked high 
by T200 to strobe the column address bits, 
the 16 data bits, and the 6 check bits that are 
generated by check logic on the board into 
the memory devices. Also generated at this 
time is the column address strobe for add-on 
memory, |CAS-. For a memory write cycle, 
the T1325 output from the memory timer, 
ANDed with a high READ- signal, generates 
the TILINE terminal signal TLTM- for trans- 
mission to the TILINE interface. 


EXAMPLE 1 
Condition 


The cache is not enabled. 


The cache is enabled and the re- 
quested word resides in cache. 


The cache is enabled and the re- 


quested word does not reside in 
cache. 
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Functional Description 


The time from the receipt of TLGO- to the 
transmission of TLTM- to the memory inter- 
face circuits is typically 350 nanoseconds. 
The write cycle time of the memory, which is 
the time from the beginning of a write cycle 
until the next memory cycle can begin, is 
typicaiiy 450 nanoseconds. When the TiILINE 
master device receives the asserted TLTM- 
from the memory controller, it must release 
TLGO-, TLREAD, and the address and write 
data. When the memory receives the release 
of TLGO-, it must release TLTM-. The 
positive transition of the cycle complete 
signal, C/CMP, clocked high at T450, signals 
the completion of the memory write cycle by 
changing the state of the flip-flop that 
generates the BUSY signal. 


If a valid address is decoded for the memory 
controller but that address does not also 
reside in cache, the memory write cycle to 
the primary memory devices occurs as just 
described, but no action occurs in the cache 
memory. 


2.4.2.4 Memory Read Cycle. A memory read 
cycle occurs in the cache memory controller 
under different conditions. These conditions 
and the actions taken by the cache memory 
controller under the various conditions are 
summarized in example 1 that follows. 


Action Taken 


The requested word is provided to the 
master device from primary memory, 
whether or not the requested word resides 
in cache, and no cache action occurs. 


The requested word is provided to the 
master device from the cache. 


The requested word is provided to the 
master device from primary memory anda 
copy of the requested word is written into 
cache. 
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Functional Description 


A memory read cycle with the cache not 
enabled is made from primary memory as 
follows. The TILINE master device asserts 
TLGO- low and TLREAD high. TLREAD 
generates a high at the read/write input to the 
primary memory devices, thereby placing the 
memory board in the read mode. The master 
device also generates a valid address on the 
address lines. The address is decoded and 
interrogated, and the row address strobe 
(RAS), column address select (CADSEL), and 
column address strobe (CAS) are generated 
in the manner that was described for the 
memory write cycle. With the memory board 
addressed and in the read mode, the low 
RSELEV- or RSELOD- signal enables the 16 
output data bits from bank A (or row 0) or 
bank B (or row 1) through three-state buffers 
and latches. Each data bit is applied as one 
input to an exclusive-OR gate. Similarly, 
RSELEV- or RSELOD- enables six check bits 
to the error detect logic. RENAB-, clocked 
low by the time T350 pulse output from the 
memory timer, enables the 16 data bits onto 
the TILINE data bus. However, data is not 
valid to the master device until TLTM- is 
asserted by the memory board. With no error 
detected, at time T475 the TACC output from 
the memory timer, ANDed with the high 
ERROR- signal, asserts TLTM- low. The 
master device accepts data as valid and 
releases TLGO-. A detected and correctable 
error generates an output from the error 
detect logic. The output is applied to the 
other input of the exclusive-OR gate for the 
data bit in error, to change the sense of that 
data bit, thereby correcting the error. At the 
same time, the ERROR- signal driven low in- 
hibits the assertion of the valid data signal, 
TLTM-, to the master device. After an ap- 
propriate delay to permit data correction, the 
time T600 pulse output from the memory 
timer clocks TERM high, and TLTM- is 
asserted to the master device. 


A memory read cycle with the cache enabled 
and with the requested word residing in 
cache memory, occurs as follows. The 
master device asserts TLGO- and at the 
same time asserts TILINE READ high. A valid 
20-bit address is presented on the TILINE ad- 
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dress bus. The asserted TLGO- causes the 
board address to be decoded. It also causes 
the cache circuits to compare the TILINE ad- 
dress to the cached data addresses to deter- 
mine if the requested word resides in cache. 
A delayed-by-110-nanoseconds strobe inter- 
rogates both the cache address search logic 
and the TILINE address decode logic. If the 
requested word is present in the cache, that 
is, if an address match occurs in one of the 
cache banks, an ADDRESS OK (AADOK- or 
BADOK-) signal is generated. These signals, 
AADOK- and BADOK-, are ORed together to 
stop the primary memory timing cycle (by not 
allowing RAS) and to enable data onto the 
TILINE via the drive signals, DRIVA- or 
DRIVB-. 


If the cache address parity and the cache 
data parity are both good and tne requesied 
word in cache was stored without error, a low 
AHIT- signal is generated. At time 1130, 
AHIT- is clocked through a flip-flop to 
generate a high CTERM signal. CTERM is 
used to continue to generate either a low 
DRIVA- (A bank addressed) or a low DRIVB- 
(B bank addressed) signal. At the same time, 
CTERM causes TLTM- to go low to indicate 
that valid data is on the data bus. The 
asserted TLTM- signals the end of the 
memory read cycle. The row address strobe 
logic is inhibited during a read from cache 
memory. Early completion of the cache 
memory cycle prevents the generation of the 
other signals that are applicable to a memory 
read from primary memory. 


A memory read cycle with the cache enabled 
and with the requested word not residing in 
cache, occurs as follows. The read from the 
primary memory devices occurs in the same 
manner as was described for a memory read 
cycle with the cache not enabled. In addition 
to the read from the primary memory devices, 
the least recently used bank of cache is up- 
dated with the requested word and its 
odd/even pair. The cache storage of the 
primary memory words occurs in two phases. 
The first word of the odd/even pair is stored 
after the check bit comparison has been 
made on the requested primary word 
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(approximately coincident with the TLTM- 
signal). At time T500, output signals from the 
memory timer generate a 50-nanosecond 
pulse to enable cache storage of this first 
word of the odd/even pair. While the master 
device is retrieving the data presented to the 
TILINE Gata bus, the cache control logic 
causes the second word of the odd/even pair 
to enter the check bit and cache parity logic. 


After the check bit comparison has been 
made on that word, it is also stored in cache. 
At time 1625, output signals from the 
memory timer generate a 50-nanosecond 
pulse to enable cache storage of the second 
word of the odd/even pair. If on either of the 
cache write operations the cache logic 
detects an error from the check bit com- 
parison, the cache operation is aborted and 
the error bit associated with the selected 
cache cell is enabled. 


A cache cycle in which an error is detected in 
the cache proceeds as follows. At the asser- 
tion of TLGO-, both the primary memory and 
the cache address compare circuitry begin to 
look at the incoming address. At time GO110, 
the ADOK signal inhibits generation of the 
RAS signal and enables the drive signals to 
put data on the TILINE. At GO130 the results 
of the parity checks will reveal an error, thus 
inhibiting the generation of CTERM and 
causing the generation of an abort signal. 
The generation of the ABORT signal causes 


EXPANSION 
MEMORY TEST 


UNASSIGNED 








UNASSIGNED LRU INPUT 


CONTROLLER 


MEMORY TEST LRU 
TEST 
(A) 141704A ENABLE 







UNASSIGNED 


Functional Description 


RAS to be generated to begin the start of a 
regular primary cycle. Twenty nanoseconds 
after RAS is generated, GO150 causes BUSY 
to go true to inhibit ENDR1 and disable the 
cache drive signals. The occurrence of 
ABORT also causes the cache error latch to 
go true. The CAER LED is tit and further 
cache memory cycles are prevented by in- 
hibiting the enable cache terminate signal, 
ENCTRM. All subsequent read requests will 
be provided from primary memory. 


2.4.3 TPCS Mode Operation 

A master device uses the TPCS to gain ac- 
cess to the control logic of the cache con- 
troller for purposes of monitoring the opera- 
tion or controlling the performance of the 
cache controller. The TPCS can be used to 
enable the cache option, to control error 
latches, and to operate the cache controller 
in the diagnostic mode. 


The cache controller is placed in the 
diagnostic mode by placing the correct TPCS 
address on the TILINE address lines while 
executing a write operation. This address 
must fall between FFC00,. and FFEO0,. (see 
table 2-10) and must match the address set in 
the TPCS pencil switches on the cache con- 
troller board. The operation of the cache con- 
troller while in the diagnostic mode is con- 
trolled by the data present on the TILINE data 
bus. Figure 2-17 illustrates the cache con- 


' troller TPCS write word. Refer to table 2-11 


INITIALIZE 
CACHE 







SEGMENT 
CACHE 





UNASSIGNED 


CACHE FORCE 
ENABLE READ 


Figure 2-17. TPCS Write Word to Cache Controller 
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Functional Description 


Table 2-11. Description of Bit Assignments for TPCS Write Word to Cache Controller 


Bit Description 

0 When high, all read and write operations to the first 64K bytes of the 
primary memory on the cache board are modified as determined by bit 
4. 

1 Unassigned 

2 Unassigned 

3 When high, access to all expansion memory boards is modified as 


described for bit 0. 


4 Mode bit. When low, error correction is disabled on banks in the areas 
of primary memory as specified by setting bits 0 and 3. When high, the 
six most significant data bits are swapped with the ECC field. 


5 When enabled by bit 6, this bit controls the sense of the least-recently- 
used (LRU) bank flip-flop. When high, the LRU is forced high and the 
next word added to the cache memory is stored in bank B. When low, 
the LRU is forced low and the next word added to the cache memory is 
stored in bank A. 


6 When high, the LRU bank flip-flop is forced to the sense of bit 5. This 
test allows a diagnostic check to control the bank of the cache 
memory to which new words are added. 


7 When high, primary and cache memory error logic and the associated 
error indicator LEDs are cleared. This bit must be reset to reenable the 
primary memory error logic. 


8 Unassigned 


9 When set low, the cache logic is enabled (i.e., the cache controller 
begins processing primary memory references through the cache 
memory). When set high, the cache logic is completely disabled, and 
all primary memory references are made directly to primary memory. 


10 When toggled (set to 1, then 0), the cache memory is initialized (i.e., all 
validity bits are set to false). All cache HITS will be disregarded unless 
the data was stored in the cache memory following the initialization. 


11 When high, the controller stores data in the cache memory only from 
references made to the upper 32K bytes of primary memory. No data is 
stored in the cache memory if a MISS occurs with a primary memory 
address located in the lower 32K bytes of the on-board primary memory 
or located on any expansion board). 
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Functional Description 


Tabel 2-11. Description of Bit Assignments for TPCS Write Word to Cache Controller (Continued) 


Bit Description 

12 When high, this bit ince cache to answer if an address match oc- 
curs. This bit is used to read cache addresses with parity errors. 

13 Unassigned 

14 Unassigned 

15 Unassigned 


for an explanation of the function of each 
write data bit while the cache controller is in 
the TPCS mode. 


When the cache controller is placed in the 
diagnostic mode, tests may be performed 
either on primary memory or on the cache 
memory of the controller. The following 
diagnostic functions can be performed on 
primary memory: 


® The 6 check bits generated on a write 
cycle and normally stored in the primary 
memory can be swapped with the 6 
most significant data bits, 0 to 5. 


e The 6 check bits returned from primary 
memory on a read cycle can be 
manipulated to replace data bits 0 to 5. 
Under this mode of operation, the error 
circuits detect and indicate any errors 
by using the appropriate indicator lamp, 
but error correction is inhibited and the 
data is not modified. 


e The controller may be instructed to in- 
hibit the data error detection and correc- 
tion circuits so that uncorrected data 
may be read from memory. 


e The error indication circuits can be 


reset by setting the primary memory 
reset bit (bit 7) in the TPCS write word. 
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The following diagnostic functions can be 
performed on the cache memory: 


e The cache operation can be inhibited so 
that no cache operation will occur. 
Primary memory words residing in the 
cache will not be read during read 
cycles, and cache data will not be up- 
dated during write cycles. 


e The cache operation can be restricted 
to the upper 32K bytes of the controller 
primary memory. This provides the 
capability to enter a diagnostic routine 
in the lower 32K bytes of the controller 
memory and prevent its execution from 
filling up the cache. 


e The cache can be totally initialized by 
resetting all validity bits. 


e The bank used by the cache to store 
new data can be preselected. 


When reading the TPCS word, the cache con- 
troller places data words on the TILINE data 
bus. The data words read are even and odd 
forms of the TPCS address, as set in the 
TPCS pencil switches. Figure 2-18 shows the 
format of the two data words read from the 
cache controller. Table 2-12 explains the 
function of each read data word while the 
cache controller is in the TPCS mode. 
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Functional Description 











BASE ADDRESS OF CONTROLLER CACHE 


ENABLED 


IDENTIFICATION 
CODE FOR CACHE 






ENABLED CONTROLLER 
MODE 
BIT ERROR HAS 
OCCURRED 
CACHE CORREC TABLE 
SEGMENTED . ERROR HAS 
OCCURRED 


WORD O 





ROW IN ERROR CODE BIT IN ERROR CODE 














BANK B 
ADDRESS HIT 
(HIGH TRUE) 


UNASSIGNED 







EVEN WORD 
SELECTED 


BANK A 


WORD 1 ADDRESS 
PARITY 


(A)1417054 OK 


Figure 2-18. Data Words Output to TILINE During a Read Operation in TPCS Diagnostic Mode 
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Table 2-12. 


Bit 


WORD O: 


0-7 


8-11 


12 


13 


14-15 


WORD 1: 


13 


14 


15 
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Functional Description 


Bit Assignments for Read Words from Cache TPCS Diagnostic Mode 


Description 


These eight bits indicate the setting found on the cache 
primary memory starting address pencil switches. 


These bits echo the diagnostic state of the controller as 
follows; bit 8 = mode, bit 9 = cache enabled, bit 10 = 
cache segmented, and bit 11 = LRU enabled. 

When high, a parity, validity, or error bit fault has occurred 
during a cache operation. An ECC error will also set this bit 
high. 


When high, a singie-bit ECC error has been detected and cor- 
rected in a fetch from primary memory. 


These bits are permanently set to form the cache controller 
identify code, 01. 


Unassigned; always set low. 


When low, an address match has occurred in cache memory 
bank A. 


The sense of these bits corresponds to the row-in-error infor- 
mation found on the error LEDs. 


The sense of these bits corresponds to the bit-in-error infor- 
mation found on the error LEDs. 


When high, the parity bits associated with the address fetch 
from cache memory bank A were good. 


When high, the parity bits associated with the address fetch 
from cache memory bank B were good. 


When high, an even word from cache memory has been 
selected. When low, an odd word has been selected. 
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3 


Maintenance 





3.1 GENERAL 


This section describes the depot main- 
tenance philosophy for the TILINE mem- 
ories, provides operating procedures for the 
special test equipment required to perform 
depot maintenance, and provides checkout 
and fault isolation procedures for the TILINE 
memories. Depot maintenance for the 
memories may be performed in either one of 
two methods. in one method, a 990/10 hot 
mockup chassis is used to perform testing; 
in the other method, an Adar memory tester 
is used to perform testing. Procedures for 
both methods are provided in this section. 
Paragraphs 3.2 through 3.6 provide pro- 
cedures and methods for use of the hot 
mockup; paragraphs 3.7 through 3.9 provide 
the procedures and methods for using the 
Adar memory tester. 


3.2 MAINTENANCE PHILOSOPHY USING 
990/10 HOT MOCKUP 


Depot maintenance for the memory boards is 
based on the use of a 990/10 hot mockup, a 
logic analyzer, and a combination dual-trace 
oscilloscope/digital multimeter. Boards 
received from field maintenance repair 
facilities that are suspected to be faulty are 
serviced, one at a time, by placing the board 
on an extender board in the 990/10 hot 
mockup chassis. Initially, the board is tested 
under control of a diagnostic tape read into 
the 990/10 hot mockup memory from a 
cassette transport located in the 733 
ASR/KSR Teleprinter. Any resulting error 
messages are then printed out on the 733 
teleprinter. 


Fault isolation down to the replaceable com- 
ponent level is performed using scoping 
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loops (type determined by previous error 
message printout) entered from the pro- 
grammers panel on the 990/10 hot mockup. 
Scoping loops are used in conjunction with 
the dual-trace scope/digital multimeter, the 
logic analyzer, the troubleshooting pro- 
cedures provided in this section, and the 
diagrams provided in section 4. Scoping 
loops are also available in cassette form 
(verb package) for easy loading into memory. 
See the Mode/ 990 Computer Diagnostics 
Handbook, part number 945400-9701, for 
details. 


Once the faulty component has been iden- 
tified, the board should be properly tagged 
(describing the corrective maintenance to be 
performed) and sent to the corrective 
maintenance workstation for repair. The 
repaired board is then returned to the 
troubleshooting workstation and tested for 
any further problems. If the diagnostic test 
runs to completion five consecutive times 
without an error message printout, the board 
is returned to normal use. 


3.3 SPECIAL TEST EQUIPMENT 


The 990/10 hot mockup system is used to 
perform depot maintenance on the TILINE 
memory boards. The operating controls and 
indicators and normal operating procedures 
for the 990/10 hot mockup system are pro- 
vided in the Model 990/10 Computer System 
Depot Maintenance Manual, part number 
945404-9701. An oscilloscope/digital 
voltmeter and logic analyzer are a part of the 
990/10 hot mockup system. Refer to the 
manufacturer-supplied user manuals for 
operating procedures for these units. 
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3.4 990/10 HOT MOCKUP SYSTEM 


The 990/10 hot mockup system consists of 
the following hardware units: 


e 990/10 6-slot chassis with programmer 
panel and standby power supply 
options 


e 990/10 AU1 and AU2 boards with loader 
and diagnostic ROM 


e 990/10 ECC memory set of (2) boards 
with 64K bytes 


e Extender ribbon cables for inter- 
connection of boards on _ extender 
boards. Cable for memory addresses 
(AU1 to AU2) should have damping 
resistors in the iines. 


e 733 ASR kit including TTY/EIA module, 
interface cable, and 733 ASR Data 
Terminal 


e 990 CRU Expansion kit including 990 
CRU expansion board, interface cable, 
and CRU buffer board 


e 990 I/O expansion chassis with optional 
peripheral interface boards or 
associated peripherals, depending on 
subsystems serviced by the depot 
maintenance facility 


e 16 I/O TTL Data Module. 


3.4.1. 733 ASR Data Terminal 

The 733 ASR data terminal is used to load 
diagnostics from tape cassettes into the 
computer memory and to provide hardcopy 
printout of test results. The keyboard permits 
the operator to communicate with the 
diagnostic software when system _para- 
meters are required to execute the 
diagnostic or when calling up one of the loop 
programs available with some diagnostic 
systems (see Model 990 Computer Diag- 
nostics Handbook for details). 
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For additional information on the 733 ASR, 
refer to the Model 990 Computer, Model 733 
ASR/KSR Data Terminal Installation and 
Operation. Procedures for loading a 
diagnostic into the 990/10 hot mockup com- 
puter are contained in the Mode! 990/10 Com- 
puter System Depot Maintenance Manual, 
part number 945404-9701. 


3.4.2 Programmer Panel 

The use of the programmer panel with its 
controls and indicators are described in 
detail in the Model 990/10 Computer System 
Hardware Reference Manual, part number 
945417-9701. Basically, the panel functions 
in one of the modes: 


* Run mode 
e Halt mode 


Run Mode. When power is initially applied to 
the computer, the system comes up in the 
run mode, which locks out the programmer 
controls. 


in this mode of operation, the RUN LED and 
all DATA DISPLAY LEDs on the panel are 
lighted and remain lit. 


Halt Mode. |n order to set the programmer 
panel to the halt mode, the key must be in- 
serted in the key switch and the switch 
rotated to the UNLOCK position. At this time, 
pressing the HALT/SIE switch halts the com- 
puter and activates the controls on the pro- 
grammer panel. The panel may be returned to 
the run mode by pressing the RUN switch. 


3.5 DIAGNOSTIC TEST 


The diagnostic test used to support depot 
maintenance of the 990/12 memory boards is 
RAMTST, Texas Instruments part number 
2250586-9901. 
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3.6 MEMORY BOARD CHECKOUT AND FAULT 
ISOLATION PROCEDURES USING HOT 
MOCKUP SYSTEM 


Memory board checkout procedures and 
fault isolation procedures are provided in 
tabular form in the paragraphs that foliow. 
Once a malfunction has been discovered 
through the use of the tabular checkout pro- 
cedures, a scoping loop may be entered into 
the computer via the programmer panel on 
the 990/10 hot mockup system. The scoping 
loop permits data to be continuously written 
into or read from a desired memory location 
or block of memory locations where a 
malfunction has been identified through use 
of the memory diagnostic test. Dynamic 
troubleshooting may then be performed on 
the board under test, using the tabular fault 
isolation procedures provided. The various 
types of scoping loops used in performing 
fault isolation are described in the sub- 
paragraphs that follow. 


3.6.1 Repeated Write at Same Memory Lo- 
cation 

Use the format shown in example program 1 
to loop on a single specified address on the 
board under test. 


The scoping loop program is entered into the 
computer from the programmer panel using 
the following procedure: 


1. If the 990 Maintenance Unit is being 


N 


7. 


Maintenance 


used, set its POWER switch to the ON 
position and set the MODE switch to 
the PANEL position. If the programmer 
panel is part of the computer chassis, 
skip step 1 and proceed to step 2. 


. Set the key switch on the programmer 


panel to the UNLOCK position. 


. If the RUN LED is lighted, press the 


HALT/SIE switch to halt the processor 
and begin execution of the program- 
mer panel code. When the panel is ac- 
tive, the RUN LED is extinguished. 


. Press the CLR switch to clear the 


panel’s display register. 


. Press the ENTER ST (enter status) 


switch to clear the status register. 


. Set up 0900,, on the data display LEDs 


using the data entry switches. This is 
the address in memory where the first 
instruction of the scoping loop is to be 
stored. 


NOTE 


When a data display LED is lighted, 
it indicates a “1”. 


Press ENTER MA switch to load the 


EXAMPLE 1 
MEM Location Machine Code Commenis 

0900 02E0 LWPI, >100 

0902 0100 

0904 0208 LI R8, (location) 

0906 2000 Desired memory location upon which test will 
loop. 

0908 0209 LI R9, (Data) 

090A OFOF (Or any desired pattern) 

090C C609 Mov RQ, *R8 

O90E 10FE JMP $-1 
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10. 


11. 


12. 


13. 


14, 


15. 


memory address value 0900 into the 
memory address register. 


. Press CLR to clear the displays for the 


next entry. 


. Set up the instruction code (02E0,.) on 


the data LED displays using the data 
entry switches. 


Press MDE switch, which causes 02E0 
to be loaded into memory location 
0900. 


Press MAI, which increments the 
memory address value stored in the 
memory address register, and repeat 
steps 8-11 to enter the following pro- 


gram values into successive memory 
locations: 


e 0100 

e 0208 

e Address that the test will loop on 
(greater than 2000,, for memory ex- 
pansion) 


e 0209 


¢ Data to be written into the iooped 
memory location 


e C609 


¢ 10FE 


Press CLR to clear the displays. 


Enter 0900 into the displays (address 
of first instruction in the scoping loop). 


Press ENTER PC to load the value into 
the program counter. 


Press RUN to begin execution of the 
program. The RUN LED should light to 
indicate proper operation. 


NOTE 


If the RUN LED fails to light, return 
to step 1 and repeat the program 
setup procedure. 


3.6.2 Continuous Read from Selected Memory 
Location 

The basic scoping loop program described in 
3.6.1 may be modified to perform a con- 
tinuous read. at a selected memory address. 
This is done by changing the instruction at 
memory location 090C in the previous pro- 
gram from C609 to C258, which is a MOV *R8, 
RQ instruction. This change to the basic pro- 
gram causes data to be read from a selected 
addréss anid siorea in Memory location 0112 
(workspace register 9). For maintenance pur- 
poses, the scoping loop may be interrupted 
at any time and the value stored in the 
workspace register may be examined using 
the following procedure: 


1. Halt the processor by pressing HALT/ 
SIE. The RUN LED should extinguish. 


2. Press CLR to clear the displays. 


3. Enter 0112 into the displays using the 
data entry switches. 


4. Press ENTER MA to load 0112 into the 
memory address register. 


5. Press MDD. The resulting value dis- 
played on the panel LEDs should be the 
same value stored in memory location 
090A of the scoping loop program. 


3.6.3 Scoping Loop for Reading a Band of 
Memory Addresses 

The basic scoping loop program may also be 
modified as shown in example program 2 to 
permit looping over a band of memory ad- 
dresses in which the beginning and ending 
addresses are specified in the program. 
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NOTE 


The procedures for entering this 
program are essentially the same 
as those described in paragraph 
3.6.1. 


3.6.4 96KB Memory Controller Checkout Pro- 
cedure 

On the 990/10 hot mockup chassis, set pro- 
grammer panel key switch and battery switch 
to OFF. Install a known-to-be-good 96KB 
memory controller with at least 32K bytes of 
memory into slot 3 of the 990/10 hot mockup 
chassis. Mount the 96KB memory controller 
to be tested on a 990 extender board and in- 
stall the extender into slot 5 of the 990/10 hot 
mockup Chassis with ihe component side of 
the board facing up. Ensure that memory size 
jumpers E9 and E10 are installed to match 
the memory size of the board in accordance 
with the schedule of table 2-5. 


set starting address switches on board to be 
tested to select starting address of 8000,. 
bytes by setting switch number 6 to ON and 
all others to OFF. (This assumes that a 32K 
byte memory with start address set to 0000,. 
is used for storage of the diagnostic pro- 
gram.) Perform the checkout procedures 
described in table 3-1. If abnormal indica- 


EXAMPLE 2 


MEM Location 


0900 02E0 
0902 0100 
0904 020A 
0906 ENDLOC 
0908 0209 
090A DATA 
090C 0208 
090E LOC 
0910 CE09 
0912 820A 
0914 14FB 
0916 10FC 
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tions are obtained, refer to the fault isolation 
procedures of table 3-2. 


3.6.5 The 96KB Memory Controller and 256KB 
Add-On Array Fault Isolation Procedure 

Once a malfunction has been discovered 
through the use of the checkout procedure of 
table 3-1, a scoping loop may be set up to 
facilitate dynamic troubleshooting of the 
board under test. The scoping loop permits 
data to be written into or read from a desired 
memory location or block of memory loca- 
tions where a malfunction was identified by 
the diagnostic procedures of table 3-1. Use 
the procedures in paragraphs 3.6.1 through 
3.6.3 to establish the required scoping loop. 


3.6.6 The 256K Memory Add-On Module with 
960/16KR ECC Checkout Procedures 

On the 990/10 hot mockup chassis, set pro- 
grammer panel key switch and battery switch 
on OFF. Ensure that a known-to-be-good 
96KB memory controller with at least 32K 
bytes of memory is installed into slot 3 of the 
990/10 hot mockup chassis. Mount the 
256KB add-on memory board to be tested on 
a 990 extender board and install the extender 
into slot 4 of the 990/10 hot mockup chassis 
with the component side of the board facing 
up. At the top edge of the two memory 
boards, use two 50-pin connector ribbon 
cables to connect P3 of the control memory 


Comments 


LWPI>100 


LI R10, ENDLOC 
Ending address +2 
LI R9, DATA 


LI R8, LOC 
MOV RQ, *R8+ 
C R10, R8 


JHE 
JMP 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures 


Step 
1 


5.0V MAX =---| ene ee @ 12 


3.O0V MIN 


RAS- 


-4V MAX 
-.6V MIN 


Procedure 


On 990/10 hot mockup chassis, set program- 
mer panel key switch and battery switch to 
ON. 


To verify Correct operation of refresh timing 
circuits, connect oscilloscope probe to pin 4 
of any TMS 4116 memory chip in row 0. The 
host CPU should be IDLE during this test so 
that the image on the scope will be unclut- 
tered by front panel memory accesses. To 
enter IDLE mode, perform the following 
steps: 


. Halt the CPU 

. Enter a 0100,. on the front panel 
. Depress the PC button 

. Depress the MA button 

. Enter a 0340,. on the front panel 
. Depress the MDE button 

. Depress RUN 

. IDLE light should illuminate 


CON OOh ODM — 


t (RFR) 


(A)142840 


13 TO 16 US 


Normal Indication 


See below. 


lf Abnormal 


See table 3-2, step 4. 






ae, 
tw(RAS) 
325 +25 ns 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 


Step Procedure Normal Indication if Abnormal 


3 Repeat step 2 for memory rows 1 and 2 by Same as for step 2. Same as for step 2. 
moving oscilloscope probe to pin 4 of any 
TMS 4116 memory chip in each of rows 1 
and 2. Repeat step 2 for remaining memory 
rows if 256KB add-on memory is board under 


test. 

4 Connect oscilloscope channel 1 probe to pin See table 3-2, step 1, 
4 of any TMS 4116 memory chip in row 0 and and check address 
connect channel 2 probe in turn to each of path through B6, C6, 
the address lines, ADDROA- through E1, E2. 


ADDR6A- (pins 5, 6, 7, 10, 11, 12, 13). Syn- 
chronize oscilloscope to channel 1 and note 
that each address line toggles. 


3.0V MIN. 


RAS- 


~4V MAX. 





O nS MIN le 
35 nS MIN 





(A)142839 


5 Connect oscilloscope channel 1 probe to pin Sameas forstep 4. Same as for step 4. 
4 of any TMS 4116 memory chip in row 1 and 
connect channel 2 probe in turn to each of 
the address lines, ADDROB- through 
ADDR6B-. Synchronize oscilloscope to chan- 
nel 1. 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 


Step Procedure Normal Indication If Abnormal 

6 Connect oscilloscope channel 1 probe to pin Sameasforstep 4. Same as for step 4. 
4 of any TMS 4116 memory chip in row 2 and 
connect channel 2 probe in turn to each of 
the address lines, ADDROC- through 
ADDR6C-. Synchronize oscilloscope to chan- 
nel 1. Repeat step 4 for remaining memory 
rows if 256KB add-on memory is board under 
test. 

7 Repeat step 4, connecting channel 1 probe See below. See table 3-2, step 4. 
to pin 15 of any TMS 4116 chip in row 0 in- if no abnormal result 
stead of to pin 4. Connect channel 2 probe in indication results 
turn to each of the address lines, ADDROA- from this step, check 
through ADDR6A-. Synchronize oscilloscope CADSEL- (J1-5), ad 
to channel 1 and note that each address line dress multiplexer (E1, 
toggies E2), and address 

drive. 
3.0V MIN. 
CAS— 

. 4V MAX, 

' 

t 

75 ns 
OnS MIN. = an a 
ADDRESS // 
Yi i MM 
(A)142841 
8 Connect oscilloscope channel 1 probe to pin. Sameasforstep 7. Sameas for step 7. 


15 of any TMS 4116 memory chip in row 1, 
and connect channel 2 probe in turn to each 
of the address lines ADDROB- through 
ADDR6B-. Synchronize oscilloscope to chan- 
nel 1. 


2250690-9701 


Maintenance 


Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 


Step 


10 


11 


12 


13 


14 


Note: 


Procedure 


Connect oscilloscope channel 1 probe to pin 
15 of any TMS 4116 memory chip in row 2, 
and connect channel! 2 probe in turn to each 
of the address lines ADDROC- through 
ADDR6C-. Synchronize oscilloscope to chan- 
nel 1. Repeat step 7 for remaining memory 
rows if 256KB add-on memory is board under 
test. 


Insert the cassette containing the diagnostic 
test RAMTST! (part number 2250586) into the 
733 ASR cassette transport (See paragraph 
3.4.1). 


Set 733 POWER switch to ON position. Set 
733 ON LINE switch to ON LINE position. 
Set 733 CONT START/STOP switch to STOP 
position. 


Press REWIND switch for applicable cas- 
sette transport and wait for END indicator to 
light. 


Press LOAD/FF and wait for READY indicator 
to light. 


Set key switch on programmer panel to 
UNLOCK position, then press LOAD switch 
on panel. 


In response to test query for beginning ad- 
dress, enter 8000. 


Normal Indication If Abnormal 


Same as forstep 7. Same as for step 7. 


733 POWER in 
dicator lights. 
PLAYBACK CON- 
TROL indicator ex- 
tinguishes. 


END indicator on 
733 lights. 


READY indicator 
lights when tape is 
properly positioned. 
Playback light 
comes on. 


Cassette begins 
moving under soft- 
ware control. When 
load is complete, 
the verb-package 
initialization se- 
quence begins. 


‘RAMTST is a verb-package test and, as such, runs under control of a 990 verb package. The 
verb package executes the complete test or allows the operator to execute selected portions 
of the test by entering two-letter mnemonics called verbs. Refer to the Mode/ 990 Computer 
Diagnostics Handbook, part number 945400, volumes 1 and 2, for instructions in the use of 
the verb package and for a description of RAMTST. 
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Table 3-1. 96KB Memory Controller and 256KB Add-On Memory Checkout Procedures (Continued) 


Step Procedure Normal Indication 


16 In response to test query for ending address 
for memory board under test, enter 17FFE 
for 64K byte memory size 


17 Initialize the diagnostic and start the test Printout indicates 
by using the ‘‘EA” verb. satisfactory com- 
pletion of test. 


if Abnormal 


Take corrective action 
as indicated by print- 
out. Gross data errors 
indicate timing pro- 
blems. Data errors on 
one or a few bits in- 
dicate data path pro- 
blems. See table 3-2. 
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Table 3-2. The 96KB Memory Controller and 256KB Add-On Memory Board Fault Isolation Procedure 





Symptom Probable Cause 


Improper timing of 
GO120 pulse. 


Excessive number of 
data errors indicate 
board timing may be 
faulty. 


Same as step 1. Improper timing of 


GO170 pulse. 


Time to clear CYCCMP 
signal is excessive. 


Same as step 1. 


Troubleshooting 
Procedure 


Memory Timing Problems 


Use verb E4 to execute 
subtest 4 of RAM10 

(or verb ET7 to execute 
subtest 7 of RAMTST) 
so that memory testing 
is not interrupted for 
header printing. Connect 
oscilloscope channel 1 


probe to pin 7 of BO7 and 


connect channel 2 probe 
to pin 10 of HO3. Trigger 
the oscilloscope on 
negative transition of 
channel 1. 


Connect oscilloscope 
channel 1 probe to pin 
7 of BO7 and connect 
channel 2 probe to pin 
12 of HO3. Trigger the 
oscilloscope on 
negative transition of 
channel 1. 


Connect oscilloscope 
channel 1 probe to pin 8 
of HO2 and connect 
channel 2 probe to pin 6 
of HO2. Trigger the 
oscilloscope on positive 
transition of channel 1. 


Normal 
Indication 
TLGO- 
GOo120 | | ree © 


T= 1204 10nS 


ak 





cach 


a 


Tie 5404 20nS 
Ta< 15ns 





lf Abnormal 


Replace resistor R11 or 
capacitor C96, first, to 
correct timing. If timing 
not brought into 
tolerance, replace the 
74LS132 network, JO05. 


Replace resistor R12 or 
capacitor C86, first, to 
correct timing. If timing 
not brought into 
tolerance, replace the 
74LS132 network, J05. 


If T2 abnormal, replace 
HO2. If T1 abnormal, 
delay line and 
associated networks. 


eoueuajulew 


obL-€ 
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Step 


Table 3-2. The 96KB Memory Controller and 256KB Add-On Memory Board Fault Isolation Procedure (Continued) 


Symptom Probable Cause 


Normal 
Indication 


Troubleshooting 
Procedure 


lf Abnormal 











Improper timing of 
column address strobe, 
CAS. 


Same as step 1. 


improper write access 
time (T1) or improper 
read access time (T2). 


Same as step 1. 


Improper data access 
time (T1). 


Same as step 1. 








Connect oscilloscope 
channel 1 probe to pin Busy 
8 of HO2 and connect 
channel 2 probe to pin sas 
9 of JO2. Trigger the 7 | | 
oscilloscope on positive 4 r 
transition of channel 1. 

Ti+ 60 $ 10n5 








Connect oscilloscope 
channel 1 probe to pin — eusy 
8 of HO2 and connect = smd 
channel 2 probe to pin 
2 of BO7. Trigger the 4 x 
oscilloscope on positive Ss 


transition of channel 1. 





T1- 1865 #2515 
T26 320 + 2505 


Connect oscilloscope 
channel 1 probe to pin 
8 of HO2 and connect 
channel 2 probe to pin 244 
14 of any TMS 4116 
memory chip. Trigger the 
oscilloscope on positive 
transition of channel 1. 


BUSY 





= 


The 225 9S, MAXIMUM 





Adjust timing by 
replacing delay line, 
and/or associated net- 
works. 


Adjust timing by 
replacing delay line 
and/or associated net- 
works. 


Adjust timing by 
replacing delay line 
and/or associated net- 
works. 





aoueualule;W 


to P3 of the memory under test and to con- 
nect P4 of the control memory to P4 of the 
memory under test. Perform the checkout 
procedures described in table 3-1. If abnor- 
mal indications are obtained during a 
checkout procedure, refer to the fault isola- 
tion procedures of tabie 3-2. 


3.6.7 Cache Memory Controller Checkout 
Procedure 

On the 990/10 hot mockup chasis, set pro- 
grammer panel key switch and battery switch 
to OFF. Install a known-to-be-good 96KB 
memory controller with at least 32K bytes of 
memory into slot 3 of the 990/10 hot mockup 
chassis. Mount the cache memory controller 
to be tested on a 990 extender board, and in- 
stall the extender into slot 5 of the 990/10 hot 
mockup chassis with the component side of 
the board facing up. 


Set starting address switch on the board to 
be tested to select starting address of 8000,. 
bytes by setting switch number 6 to ON and 
all others to OFF. (This assumes that a 32K 
byte memory with start address set to 0000 is 
used for storage of the diagnostic program.) 
Verify that the TPCS base address is set to 
FB10 (see table 2-6 and 2-10). Perform the 
checkout procedures described in table 3-3. 
If abnormal indications are noted during a 
checkout procedure, refer to the fault iso- 
lation procedures of paragraph 3.6.8. 


3.6.8 Cache Memory Controller Fauit Isolation 
and Troubleshooting Procedures 

Once a malfunction has been discovered 
through the use of the checkout procedure of 
table 3-3, a scoping loop may be set up to 
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facilitate dynamic troubleshooting of the 
board under test. The scoping loop permits 
data to be written into or read from a desired 
memory location or block of memory loca- 
tions where a malfunction was identified by 
the diagnostic procedures of table 3-3. Use 
the procedures in paragraph 3.6.1 through 
3.6.3 to establish the required scoping loop. 
Useful procedures and waveforms for 
isolating troubles in the cache memory con- 
troller are provided in the following sub- 
paragraphs. 


3.6.8.1 Troubleshooting Cache for MISS 
Operation. The following program will 
cause the cache to have a MiSS on each ac- 
cess. The waveforms shown in figure 3-1 are 
for a MISS operation. 
1. Set starting address for cache con- 
troller to be tested to 0000 and set the 
TPCS address to FB10.. 


2. Apply power to the 990/10 hot mockup 
chassis. 


3. At address FB10,, enter 60, 50, 10 at the 
programmer panel as follows: 


Enter FB10, press MA 
Enter 60, press MDE 
Enter 50, press MDE 


Enter 10, press MDE 
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Table 3-3. Cache Memory Controller Checkout Procedures 
Step Procedure Normal Indication If Abnormal 


1 On 990/10 hot mockup chassis, set 
programmer panel key switch and bat- 
tery switch to ON. 


2 To verify correct operation of refresh See below. See table 3-2, step 4. 
timing circuits, connect oscilloscope 
probe to pin 4 of bank 0 TMS 4116 at 
location U5. The host CPU should be 
IDLE during this test so that the im- 
age on the scope will be uncluttered 
by front panel memory accesses. To 
enter IDLE mode, perform the fol- 
lowing steps: 


. Halt the CPU 

. Enter a 0100,, on the front panel 
Depress the PC button 

Depress the MA button 

. Enter a 0340,. on the front panel 
. Depress the MDE button 

. Depress RUN 

. IDLE light should illuminate 


ONO WH — 


tw(RAS) 
325 : 25ns 





(A)142833 
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued) 


Step Procedure Normal Indication lf abnormal 


3 Repeat step 2 for memory bank 1 by Same as for step 2. Same as for step 2. 
moving oscilloscope probe to pin 4 of 
bank 1 TMS4116 at location T5. 


4 Remove ac power by setting key Same as for step 2. Same as for step 2. 
switch on programmer panel to OFF 
but leave battery power on. Repeat 
steps 2 and 3. 


5 Verify operation of the refresh ad- See below. 
dress counter as follows. Connect 
channel 1 of oscilloscope to pin 4 of 
bank 0 TMS4116 at location U5. Syn- 
chronize oscilloscope channel 1 
negative edge. Observe dynamic RAM 
address inputs by connecting, in turn, 
the channel 2 probe of the 
oscilloscope to pins 5, 6, 7, 10, 11, 12, 
and 13 of U5. Each address line 
should show both high and low states 
during RAS-. 


3.O0V MIN, 


RAS- 


-4V MIN. 


Ons MIN. . | 
35nNS MIN. 





(A)142831 


2250690-9701 3-15 


Maintenance 


Step 


10 


11 


12 


Note: 


Table 3-3. Cache Memory Controller Checkout Procedures (Continued) 


Procedure 


Verify proper timing of the delayed 
timing signals GO110 and GO130. 
Use figure 3-9 to determine test 
points for oscilloscope. 


Insert the cassette containing the 
diagnostic test RAMTST' (part number 
2250586) into the 733 ASR cassette 
transport (see paragraph 3.4.1). 


Set 733 POWER switch to ON posi- 
tion. Set 733 ON LINE switch to ON 
LINE position. Set 733 CONT START/ 
STOP switch to STOP position. 


Press REWIND switch for applicable 
cassette transport and wait for END 
indicator to light. 


Press LOAD/FF and wait for READY 
indicator to light. 


Set key switch on programmer panel 
to UNLOCK position, then press 
LOAD switch on panel. 


In response to test query for ending 
address for memory board under test, 
enter 17FFE for 64K byte memory 
size. 


Normal Indication If Abnormal 


See paragraph See paragraph 
3.2.7.3 and figure 3.2.7.3 and figure 
3-9. 3-9. 


733 POWER 
indicator lights. 
PLAYBACK 
CONTROL 
indicator 
extinguishes. 


END indicator on 
733 lights. 


READY indicator 
lights when tape is 
properly positioned. 
Playback light 
comes on. 


Cassette begins 
moving under 
software control. 
When load is com- 
piete, the verb- 
package initiali- 
zation sequence 
begins. 


‘RAMTST is a verb-package test and as such runs under control of a 990 verb package. The 
verb package executes the complete test or allows the operator to execute selected portions 
of the test by entering two-letter mnemonics called verbs. Refer to the Mode/ 990 Computer 
Diagnostics Handbook, part number 945400, volumes 1 and 2 for instructions in the use of 


the verb package and for a description of RAMTST. 
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Table 3-3. Cache Memory Controller Checkout Procedures (Continued) 


Step 


13 Initialize the diagnostic and start the 


Procedure 


test by using the ‘‘EA” verb. 


NOTE 


This process initializes the cache 
and causes it to segment (that is, 
only cache locations above ad- 


dress 8000,.). 


Pressing RESET 


clears this function. 


4. From the programmer panel, enter the 
test loop shown in example program 3. 


EXAMPLE 3 
0100 C820 
0102 8000 
0104 0300 
0106 0820 
0108 9000 
010A 0300 
010C C820 
010E A000 
0110 0300 
0112 10F6 
8000 AAAA 
8002 5955 
2250690-9701 


STRT MOV 
@TST2,@TST1 


MOV 
@TST3,@TST1 


MOV 
@TST4,@TST1 


JMP STRT 


Normal Indication 


Printout indicates 
satisfactory 
completion of test. 


9000 1111 
9002 2222 
A000 4444 
A002 8888 
PC = 100 
HALT 

RESET 

RUN 


lf Abnormal 


Take corrective 
action as indicated 
by printout. Gross 
data errors indicate 
timing problems. 
Data errors on one 
or a few bits in- 
dicate data path 
problems. 


Observe waveforms of figure 3-1. 


3.6.8.2 Troubleshooting Cache in Write- 


Through Operation. 


The following program 


will cause the cache to perform write- 
through operations. Figure 3-2 shows the 
waveforms that should be observed. 


1. Perform steps 1, 2, and 3 of paragraph 


3.6.8.1. 


2. At the programmer panel, enter the pro- 
gram shown in example program 4. 


3. Observe the waveforms of figure 3-2. 
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100nS 


200nS 


300nS 


400nS 


500nS 


600nS 


700nNS 
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TLGO- A29-15 \ ee es 
TLTM- E6-3 eek !té=<“‘“‘“S:;C*# 
RAS N6-6 Ree aed eae evecare 
CAS Li-5 ee 


CADSEL N6~-9 eee ee ee a ee 


BUSY P4-6 

CBUSY S1i-9 eee ee ee ee eee 

CWRP K12-12 a a ee Mel eee ee 

FLIP Ji-8 Oe ee 

DONE K4-5 nnn re eee aE ne ee eee: | ee eee 
(B)142838 


Figure 3-1. Cache Fill Operation 
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(A)142858 


TLGO- 


TLITM- 


RAS 


CAS 


CADSEL 


BUSY 


CBUSY 


CWRP 


ADOK 


AADOK=- 


OR BADOK~ 


DONE 


ons 100nS 200nS 300NS 


HPSS): Neste eth a a ey 

E6~-3 \ / 

N6-6 ee (ee ia, aes 
L1i-5 er ees) RE NESE er ee 
P4-6 _ ae pe 
S1-9 eee ee ee ee 
K12-12 cere ee oe | be 
j12-1 


K4~-5 | 


Figure 3-2. Cache Write-Through Operation 


400ns 500nS 
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3.6.8.3 Troubleshooting Cache in HIT Oper- Enter FB10, press MA 
ation. The following program will cause the 
cache to perform HIT operations. Figure 3-3 Enter 0060, press MDE 
shows the waveforms that should be ob- 
served. Enter 0040, press MDE 
1. Perform steps 1, 2, and 3 of paragraph 
3.6.8.1. NOTE 
2. At the programmer panel enter the pro- The above procedure initializes 
gram shown in example program 5. cache, then turns it off. 


3. Observe the waveforms of figure 3-3. 


3.6.8.4 Troubleshooting Primary Memory. To 3. From the programmer panel, enter the 
troubleshoot primary memory, enter the program shown in example program 6. 
following program and observe the 
waveforms of figure 3-4. 4. Verify that the CBUSY signal does not 
come true. 
1.Pencrim siéps 1 and 2 of paragraph 
3.6.8.1. 5. Observe the waveforms of figure 3-4. 


2. At address FB10,. enter 60 and 40 at the 
programmer panel as follows: 


EXAMPLE 4 
100 C280 STRT MOV @TST1,@ST2. READ FROM MEMORY 
102 8000 
104 0O10E 
106 C280 MOV @TST3,@TST1 WRITE TO MEMORY 
108. 0110 
10A 8000 
10C 10FC JMP STRT 
10E 0000 
10F AAAA 
PC = 100 
RUN 
EXAMPLE 5 
100 C280 STRT MOV @TST1,@TST1 
102 8000 
104 8000 
106 10FC JMP STRT 
PC = 100 
RUN 
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EXAMPLE 6 
100 C280 MOV @TST1,@TST1 
102 8000 
104 8000 
106 10F9 JMP STRT 
PC = 100 
RUN 


3.7 CACHE MEMORY BOARD CHECKOUT 
AND TROUBLESHOOTING PROCEDURES 
USING MEMORY TESTER 


Instructions are provided in this paragraph 
for performing a checkout of the memory 
board using a memory tester. Additionally, 
useful troubieshooting procedures are pro- 
vided along with waveform representations 
of the boards in various modes of operation. 


0 1,OOnS 


TLGO- A29-15 
TLIM— E6-3 
RAS N6-6 
ADOK J12-3 
Go110 N1i2-8 
AHI T— Ji 2 
GO130 Ji-3 
CTRM-— H23-11 
DRIVA- N29-6 
OR DRIVB- N29-8 
(A)142857 
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WRITE TO MEMORY 


Test equipment required to perform the 
memory board checkout procedures is listed 
in table 3-4. 


3.7.1 Memory Test of Cache Memory Con- 
troller 

Verify that the test equipment as listed in 
tabie 3-4 is currently certified and perform 
the test of the cache memory controller 
using the Adar memory tester as follows. 


200nS 300nS 400nNS 


Figure 3-3. Cache HIT Operation 
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a 


TLGO- 


TLITM- 


RAS 


CAS 


CADSEL N679 


RENAB K1i-9 


BUSY PA4-6 


TERMEN K1-5 


TERM Li-8 


On the Adar memory tester, press the 
REM and RSI/RDS power switches, in 
that order (red switch lights should be 
off). Install the memory tester interface 
for the cache memory controller (part 
number 2264815-0005). Press the 
RSI/RDS and REM power switches, in 
that order (red switch lights should be 
on). 


. On the Adar memory tester, set RSI 


switches 1, 3, and 8 to the ON position 
and switches 4 through 7 to the OFF 
position. 


. Load the program tape, CACHET 


(TESTTS, ARRYTA). Enter ‘‘*RFI 
CACHET CAS” and press the XMIT key 
at the Adar memory tester data terminal. 


. Install the cache memory controller 


board to be tested into the memory 
tester interface with component side of 
the board facing the operator of the 


ons 100nS 


A29-15 


ee eeCt~*” 
E6-3 ee 


memory tester. Make connections as 
shown in table 3-5. 


5. Peform visual check, ensuring that all 
DIP switches on the board under test 
are in the off position. Scan the board 
under test for solder shorts. 


3.7.1.1 Primary Memory Test Execution. The 
primary memory test is started by entering 
“*R 0 0” and pressing the XMIT key at the 
Adar memory tester data terminal. The first 
test, a march pattern with nominal supplies, 
executed with error correction off, is per- 
formed, and results are displayed on a board 
error map (BEM) at the data terminal of the 
memory tester. See figure 3-5 for an inter- 
pretation of the BEM. Following the BEM, 
“J+ TO CONT OR J- TO END” is displayed 
allowing the operator to power down or to 
continue the test by using the joystick toggle 
switch at the memory test control panel. If 
the operator moves the joystick to “+”, a 
march pattern with nominal supplies is exe- 


300NnS 400nNS 500NS 600nNS 


N6-6 pee Oe 


(A)142859 
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Figure 3-4. Memory Read, No Cache Operation 
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cuted on the error correction code storage 
RAMs. “J+ FOR DIAG OR TIMING; J- TO 
CONT” is displayed following the BEM, 
allowing the operator to branch to the 
diagnostic tests, to set timing, or to 
troubleshoot a problem; or to continue the 
test for primary Memory if both march pat- 
tern tests are successfully completed. The 
diagnostic tests are described in paragraph 
3.7.1.3, and those tests that are made when 
moving the joystick to ‘‘-” are described in 
paragraph 3.7.1.4. 


3.7.1.2 Board Error Maps (BEM). The BEM is 
provided as a CRT display at the data ter- 
minal of the memory tester. As shown in 
figure 3-5, the BEM represents the memory 
array. Memory read errors are logged at 
speed during any given test, and at the end of 
each test the BEM displays any chip failures. 
The good chips are represented with 
asterisks, whereas failing memory chips are 
indicated by the reference designator of the 
failing chip. The BEM is interpreted as 
follows: 


1. The first two rows of the BEM represent 
the 16K RAMs at reference desig- 
nations, U5, U6, U8 through U11, U13, 
U14, U16, U17, U19, and U21 through 
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U25 (first row); T5, T6, T8 through T11, 
713, 714, T16, T17, T19, and T21 through 
T25 (second row). The asterisks are 
replaced by the corresponding 
reference designator as a failure occurs. 


2. The second two rows of the BEM repre- 
sent the 16K RAMs in the error correc- 
tion code memory at reference desig- 
nations U26 through U31 (first row) and 
T26 through T31 (second row). 


3. The next two rows of the BEM represent 
the data channels at the expansion in- 
terface, MBOO- through MB21- (odd 
numbered pins 1 through 43 of connec- 
tor P4). As failures occur, MBOO- is 
represented by BOO, MBO1- as B01, etc. 


4. The last row of the BEM is enabled 
during the test for error correction (see 
paragraph 3.7.1.4). Each position 
represents one of the TILINE data 
channels TLDATOO- through TLDAT15-. 
As failures occur, the asterisks are 
replaced by BOO (TLDATOO-) through 
B15 (TLDAT15-). 


3.7.1.3 Primary Memory Diagnostic Tests. 
The following is a description of primary 
memory diagnostic tests. 


Table 3-4. Test Equipment Required for Memory Board Checkout Using Memory Tester 


Item 


Adar Model DR12/25 Memory Test System Tester 
Memory Tester Interface, Cache Memory Controller 


Oscilloscope, Tektronix Model 475 (or equivalent) 


Multimeter 


10X Probes with Grounding Clips 


Coaxial Cable with BNC to BNC Connectors 


Program Tape CACHET (TESTTS, ARRYTA) 
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Texas Instruments Part Number 


2264826-0001 


2264815-0005 
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Existence Test. The existence test is run 
automatically after the joystick is toggled to 
“+” for the diagnostic tests. A BEM is 
displayed to indicate functioning memory 
chips. This test is run twice. During the first 
pass, the controller is set in a diagnostic 
mode such that error correction and detec- 
tion is suspended and the 16 data bits are 
written and read without manipulation. Dur- 
ing the second pass, the six ECC bits are 
written and read through the six most signifi- 
cant TILINE data channels, TLDATOO- 
through TLDATO05-. 


Address Faults Test. |f a functional data 
channel is found, the address faults plot will 


indicate faulty address lines in each row. 
Good addresses are denoted with periods, 
“failing addresses with ‘“‘F”’. 


Debug Routine. After the address faults 
plot, the operator is provided with three run 
commands for troubleshooting. The first is 
for the first or top row of 16K RAMs, the 
second for the second row of 16K RAMs, and 
the third for +5 Standby or Battery condi- 
tions. When transmitted, these commands 
result in a repetitive series of test cycles 
specifically for troubleshooting with an 
oscilloscope. At the top of the display, a 
write command is displayed for selecting the 
unit under test mode (data RAMs only with 


Table 3-5. Cache Board to Tester Connections 


Board Under Test 


P1 


P2 


P3 


P4 


Note: 


'J3 and J4 are ribbon cable connections. 


to 


Memory Tester Interface 


Jt 
J2 
3 


J4 


Arrows on mating connec- 


tors should be aligned with each other. 


REE BEX KEK HEX HEE KEE HEE HERE 


KEE ERE EEK KEE HEE HEN HEE HEHE 


EEE HEX HEX BEE KEE HEX ERE 


KEK KEE HEE KEK HEH HHH HFEK HEE 


Figure 3-5. 
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HEX 


HEX 


KEE 


EE* 


HEX KEE KEE HEE EKXK HEE HEX 


EEX KEE KHE HEE HHH BEE HEHE 


j 
hs 
} 


KEE HEE HEE HEE 


KEE HHE HEE BEE KEE 


EEE KKK REE HEE EFEX FHKE HEE 


EEX HEE KEE KEX BEE HEE 


KEK HEE KEE HEE HEH KEE HEE 4 
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ECC off, or ECC RAMs only in the bit swap 
mode). 


3.7.1.4 Board Function Tests. Five board 
function tests are performed after the com- 
pletion of the nominal march tests if the 
joystick is toggied “-’’ for performance. A 
description of the tests follows. 


Expansion Interface Test. Datais supplied to 
add-on module memories via the expansion 
interface at MBO0- through MB21-. A series 
of write data words are supplied to the 
TILINE interface while data at the expansion 
interface is tested. If a failure occurs, the 
BEM, TILINE data, and expected expansion 
interface data are displayed. A run con- 
tinuous command is displayed for 
troubleshooting the failing condition. TILINE 
and expansion data displays should be inter- 
preted as follows: TILINE = XXXX (where 
XXXX is hexadecimal representation, MSB to 
LSB, 16 binary bits); and EXPANSION I/F EXP 
DATA = OXXX OXXX (ignore zero positions 
and the two MSBs in leftmost X and interpret 
remaining Xs in hexadecimal, MSB to LSB, to 
provide 22 binary bits). For example, OCAA 
OFFF = OAA FFF or 00 1010 1010 1111 1111 
1111. 


Error Correction Test. A series of data words 
is supplied to the expansion interface with 
one bit (in varying position) in error. Data is 
measured at the TILINE interface and error 
correction must occur for each data and ECC 
bit for the test to pass. If a failure occurs, the 
BEM is displayed along with the expansion 
data word and TILINE expected data for the 
failing cycle. A run continuous command is 
provided for troubleshooting the failure. 


Double Bit Error Detection. Two data words 
are supplied to the expansion interface, one 
with no error and one with two bits in error 
while TLMERR- at the TILINE interface is 
tested for false and true signal levels, respec- 
tively. If an error occurs, expansion interface 
data and the expected TLMERR- level is 
displayed. A run continuous command is pro- 
vided for troubleshooting the failure. 
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Primary Memory Error LED Test. Errors are 
latched to light all primary memory error 
lamps (CR3 through CR13). The operator 
must verify that all LEDs are lighted and con- 
tinue the test, power down, or use the 
oscilloscope if necessary. The test is looping 
continuousiy and may be observed wiih an 
osciloscope without a run command. 
Transmit the run command to continue the 
test or the command to power down after the 
operation of the LEDs has been verified. 


+ 5 Standby Test. A checkerboard pattern is 
written to primary memory with error cor- 
rection and cache on. A TLPRES- signal is 
issued and the +5 main supply is switched 
off. After several seconds, the +5 supply is 
switched back on, TLPRES- is set high, and 
the pattern is verified. To pass this test, the 
refresh circuit and the +5 switching circuit 
must function. This test can be observed 
with an oscilloscope using the run command 
on the debug display (see paragraph 3.7.1.3). 
Waveforms are provided in paragraph 3.7.2.6. 


3.7.1.5 Primary Memory Performance 
Tests. Primary memory performance tests 
consists of march, checkerboard, refresh, 
GALROWCO-ROW, and GALROWCO-COL 
patterns. This series of tests is executed 
twice. Error correction is disabled during the 
first pass via the TILINE peripheral control 
space. The six correction bits are tested 
during the second pass (in the swap-bit 
mode). Each test is executed automatically, 
provided the previous test passes. If any test 
fails, the BEM, type of test, and power supply 
values are displayed followed by “J+ TO 
CONT; J- TO END”. Joystick “+” will exe- 
cute the next test; joystick “-” will result ina 
power-down. 


CAUTION 


Always power-down before attempt- 
ing to remove memory chips from a 
board or when removing the board 
under test from the test interface 
fixture. 
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Each time a performance test passes, the 
type of test, “PASS”, and the power supply 
values are displayed, and the next test is 
then executed. 


Refresh Test. A checkerboard pattern is 
written to primary memory (with error correc- 
tion and cache off). A wait period is then exe- 
cuted before the checkerboard pattern is 
verified. If the refresh circuits are not func- 
tioning, a failure will occur and the BEM will 
be displayed. The operator can continue or 
end the test with the joystick. The first half of 
the wait period has “‘no test” read cycles exe- 
cuted continuously, requiring the refresh 
controller to steal cycles at refresh intervals 
to perform refresh. For the second half of the 
wait period, no cycles (TLGO- is not acti- 
vated) are issued and the refresh controller 
must latch refresh cycles without any cycles 
occurring simultaneously. The +5 main 
supply voltage is on during this test and the 
+5 switching circuit is not used. 


3.7.1.6 Cache Memory Test Execution. Tests 
previously described are tests of the primary 
memory. Tests described in this paragraph 
are tests of the cache memory. 


Cache Diagnostic. The cache diagnostic isa 
test to determine whether cache memory will 
hold data separate and different from primary 
memory. The diagnostic is executed six 
times, once on each of the four cache sec- 
tions (bank A even, bank A odd, bank B even, 
and bank B odd) and twice on the full cache 
(1024 words). A pattern is written to memory 
with the cache on and then read to fill the 
cache. The cache is then turned off and 
primary memory is rewritten with a different 
(inverted) data pattern. The cache is then 
turned on again and the first pattern is 
verified. The pattern read should be the first 
one written, since all addresses should be 
stored in the cache (all cache HITs). Any ad- 
dress misses or parity errors and/or data par- 
ity errors will result in the inverted pattern 
being fetched from primary memory instead 
of the cache. The BEM and the results of the 
cache error latches will be displayed after 
each test is run. 
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Cache Error Information. \f a failure occurs 
during any test of the cache, the operator is 
supplied with two types of error information: : 
a BEM, as previously described, and a sum- 
mary of cache error latch status. At this time, 
all primary memory tests should have 
passed. This means that any failures on the 
BEM do not refer to primary memory but to 
cache locations. In some cases, the BEM 
may show a failure while the error latches do 
not and vice versa. Careful interpretation of 
error information is important. If the caching 
sections determine an error, data will be 
returned from primary memory and the data 
may then be correct. The cache error latches 
then would be the only error indicator. 


Cache Scoping Routine. After each of the six 
diagnostic tests have been executed, the 
operator has a choice of branching to the 
cache scoping routine or continuing the 
cache tests. If any errors were reported for 
any of the diagnostic tests, the operator may 
branch to the scoping routine to determine 
the nature of the failure. If no failures were 
reported, then the operator should use the 
joystick to continue the test. Waveforms for 
the scoping routines are provided in 
paragraph 3.7.2. Options are displayed for 
troubleshooting the cache data RAMs or the 
cache address storage RAMs. Options are 
also provided to restart the test, end the test, 
or restart the cache tests. Always end the 
test (power-down) before removing any 
memory chips from the board or before 
removing the board under test from the test 
interface fixture. 


Cache March Performance Test. In the march 
performance test, a march pattern is ex- 
ecuted on bank A and on bank B. Error infor- 
mation is provided on failures after each test. 


Cache GALPAT Performance Test. A 
GALPAT pattern is executed twice on the full 
cache, once with low Vcc and once with high 
Vcc (that is, 4.75 and 5.25 volts, respectively). 


Cache Address RAM March Performance 


Test. The cache address RAM march perfor- 
mance test results in a march pattern for the 
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cache address storage RAMs. The expansion 
interface is used repeatedly to store higher 
order addresses in the cache address 
storage RAMS. The test is executed first on 
bank A and then on bank B. The BEM and 
TPCS error latch status are displayed after 
each test. 


Static Hold 1s Performance Test. In this test, 
a pattern is executed that stores logic 1s in 
cache bipolar static RAMs. A wait state is 
then executed (approximately 12 seconds) 
and the pattern is read to verify that the data 
has remained valid. The opposite data pat- 
tern is stored in primary memory so that if 
any MISS occurs because of address or data 
parity error or address inequality, an error will 
be logged on the BEM. 


Static Hold Os Performance Test. This test is 
the same as the static hold 1s performance 
test except that the data pattern stored is 
logic Os. 


3.7.2 Troubleshooting Primary Memory 

The final diagnostic test for the primary sec- 
tion of the board under test, the debug 
routine, provides a run continuous command 
for each row. Each command results in a 
repetitive series of test cycles specifically 
designed for troubleshooting with an 
oscilloscope. Alternate 1s and Os are applied 
to address and data for a write and a read 
cycle. The data and address words are then 
complemented, and a write is executed 
followed by a read as shown in the following 
example. 


EXAMPLE 7 


WRITE DATA WORD ADDRESS 
READ DATA WORD ADDRESS 


WRITE DATA 
READ DATA 


WORD- ADDRESS- 
WORD- ADDRESS- 


These four memory cycles are repeated con- 
tinuously. A synchronizing signal occurring 
at the beginning of each series of four cycles 
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is available at the memory tester control 
panel (CYCLE COUNT BNC). Refer to figure 
3-6 for some specific waveforms and 
oscilloscope settings. 


3.7.2.1. RAM Input/Output Timing. Refer to 
figure 3-7 for expanded timing waveforms at 
RAM inputs and outputs. 


3.7.2.2 Refresh Timing. Refresh is per- 
formed asynchronously by the refresh 
oscillator and associated logic. See figure 
3-8 for the expected waveform at the output 
of the oscillator (pin 6 of R12). External 
resistor R2, at pin 7 of S12, controls cycle 
time. To decrease cycle time, decrease the 
resistance of R2; to increase cycie time, in- 
crease the resistance of R2. 


3.7.2.3 Delayed Timing Signals. The 
delayed timing signals, GO110 and GO130, 
should have the relationship to signal TLGO- 
as shown in figure 3-9. The RC delay network 
of R17, C3, and R12 (if installed) can be ad- 
justed to obtain the expected time delay. If 
GO110 is less than the limits shown in figure 
3-9, R12 can be removed from the circuit to 
increase the delay. If further adjustment is re- 
quired, the value of R17 can be changed. In- 
creasing resistance increases delay, 
decreasing resistance decreases delay. The 
RC delay network of R18, C4, and R13 (if in- 
stalled) can be adjusted similarly to obtain 
the expected time delay for signal GO130. 


3.7.2.4 Expansion Memory Signals. Signals 
IRAS-, ICAS-, and ICADSEL from the cache 
memory controller to the add-on expansion 
memory array board should have the relation- 
ship shown in figure 3-10. Proper adjustment 
of signals described in paragraph 3.7.2.3 will 
result in the required delay between signals 
IRAS- and ICADSEL. 


3.7.2.5 Read Cycle, Write Cycle, Timing. 
Signals TLGO- and TLTM- should have the 
relationships shown in figure 3-11 for read 
cycles, read cycles with errors, and write 
cycles. After the memory tester has released 
TLGO-, the cache memory controller should 
release TLTM- within 60 nanoseconds as 
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Figure 3-7. RAM Input/Output Waveforms 
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shown in the expanded waveform of figure 
3-12. 


3.7.2.6 Main Power, Standby Power 
Signals. The waveforms of figure 3-13 show 
the relationships of signals to the main 
+5-volt supply, +5-volt standby or battery 
conditions. The relationships shown are for 
the initial loss of +5 main, duration of stand- 
by operation, and for reestablishment of +5 
main. 
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3.7.3 Troubleshooting Cache Memory 
Troubleshooting procedures and waveforms 
provided in paragraph 3.7.2 were for the 
memory controller with cache not enabled. 
This paragraph provides procedures for 
troubleshooting the board with the cache 
memory enabled. The debug routine for 
cache memory consists of a series of write 
and read cycles as shown in table 3-6. 


CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 


Figure 3-12. TLTM- Release, Expanded Waveform 
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Table 3-6. Algorithm Explanation for Cache Memory Debug Routine 


1) CACHE MODE IS SET FROM TPCS FOR BANK A OR BANK B 


2) TLADR19- IS SET 
A) HIGH—EVEN SECTION 
B) LOW—ODD SECTION 
NOTE: THIS ADDRESS WILL NOT CHANGE THROUGHOUT THE DEBUG ROUTINE. 


3) ALGORITHM FOLLOWS 


OP Stored Index Explanation of Cycle 
Address Address 

WwDW/ 015 55 Write DW/ to primary memory 01 555. 

RDW/ 015 55 Read Primary DW/. This will store DW/ 
at cache index shown. 

WDW 015 AA Write DW to primary memory 01 5AA. 

RDW 015 AA Read primary DW. This will store DW 
at cache index shown. 

RDW/ 015 55 Read Cache DW/ from index shown. 
Fast access cache read. 

RDW 015 AA Read cache DW from index shown. 
Fast access cache read. 

WDW 02A 55 Write primary DW to address shown. 

RDW 02A 55 Read Primary DW. This will store DW 


at cache index shown, and change 
stored address at that index. 


WDW/ 02A AA Write primary DW/ to address shown. 
RDW/ 02A AA Read Primary DW/. This will store DW/ 


at cache index shown, and change 
stored address at that index. 


RDW 02A 55 Read cache DW from index shown. 
Fast access cache read. 

RDW/ 02A AA Read cache DW/ from index shown. 
Fast access cache read. 

WDW/ 02A 55 Cache write-through. 

WDW 02A AA Cache write-through. 
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Table 3-6. Algorithm Explanation for Cache Memory Debug Routine (Continued) 


Cycle OP Stored 
Address 


NOTES: 


Explanation of cycle 


1) ALL ADDRESS WORDS GIVEN ARE POSITIVE TRUE VALUES (I.E. THE VALUE 
AT THE TILINE BUS IS THE INVERSE OF GIVEN ADDRESS.) 


2) OP CODE EXPLANATION 


WDW/—WRITE INVERTED DATA WORD 


WDW—WRITE DATA WORD 


RDW/—READ INVERTED DATA WORD 


RDW —READ DATA WORD 


9555 (HEX) 
AAAA 
5555 
AAAA 


3) INDEX ADDRESS IS TLADR11~ (MSB) THRU TLADR18- (LSB) 


4) STORED ADDRESS IS TLADROO- (MSB) THRU TLADR10- (LSB) 





3.7.3.1 Cache Read Cycle with Cache Read 
Miss. The waveforms in figure 3-14 are fora 
cache read cycle with the accessed address 
not stored in the cache section (cache read 
miss). Data retrieved from primary memory is 
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stored in cache memory along with the ad- 
dress and the word pair associated with the 
address. Waveforms shown in figure 3-14 are 
for bank A, even, only. 
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3.7.3.2 Cache Read Cycle with Cache Read 
Hit. The waveforms in figure 3-15 are for a 
cache read cycle with the accessed address 
stored in the cache section (cache read hit). 
Data is retrieved from the fast access cache 
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data RAMs, and the primary memory read 
cycle is not initiated. This applies to cycles 5, 
6, 11, and 12 in the debug routine (see table 
3-6). Waveforms shown in figure 3-15 are for 
bank A, even, only. 


CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 


Figure 3-15. Cache Read Cycle with Cache Hit, Waveforms 
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3.7.3.3 Cache Write-Through cycle. Wave- section (cache write-through). Data is stored 
forms in figure 3-16 are for a write cycle with in both cache and primary data RAMs. 
the accessed address stored in the cache 
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Figure 3-16. Cache Write-Through Cycle Waveforms 
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3.8 96KB MEMORY CONTROLLER CHECK- 
OUT AND TROUBLESHOOTING PROCEDURES 
USING MEMORY TESTOR 


Instructions are provided in this paragraph 
for performing a checkout of the 96KB 
memory controller in standard and fine line 
versions, using a memory testor. Addi- 
tionally, useful troublehsooting procedures 
are provided along with waveform represen- 
tation of the board in various modes of 
operation. Test equipment required to per- 
form the memory board checkout procedures 
is listed in table 3-7. 


3.8.1 Memory Test of 96KB Memory Con- 
troller. 

Verify that the test equipment as listed in 
table 3-7 is currently certified, and perform 
the test of the 96KB memory controller using 
the Adar memory tester as follows. 


1. On the Adar memory tester, press the 
REM and RSI/RDS power switches in 
that order (red switch lights should be 
off). Install the memory tester interface 
for the 96KB memory controller (part 
number 2264815-0001). Press the 
RSI/RDS and REM power switches, in 
that order, (red switch lights should be 
on). 
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On the Adar memory tester, set RSI 
switches 1, 4, and 8 to the ON position 
and switches 2, 3, 5, 6, and 7 to the OFF 
position. 


load the program tape, 48CONT 
(TESTTS, ARRYTA). Enter ‘‘*RFI 
48CONT CAS” and press the XMIT key 
at the Adar memory tester data terminal. 


_ Install the 96KB memory controller 


board to be tested into the memory 
tester interface with component side of 
the board facing the operator of the 
memory tester. Make connections as 
shown in table 3-8. 


_ Perform visual check. Ensure that all 


DIP switches on the board under test 
are in the off position. Scan the board 
under test for solder shorts. 


6. Note the dash number of the board 


under test and ensure that the jumper 
configuration for jumpers J9 and J1i0 
and the number of rows of memory 
chips agree with that shown in table 3-9. 


Table 3-7. Test Equipment Required for 96KB Memory Controller Checkout Using Memory Tester 


Item 


Adar Model DR12/25 Memory Test System Tester 
Memory Tester Interface, 96KB Memory Controller 


Oscilloscope, Tektronix Model 475 (or equivalent) 


Multimeter 
10X Probes with Grounding Clips 
Coaxial Cable with BNC to BNC Connectors 


Program Tape 48CONT (TESTTS, ARRYTA) 
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Change 1 


Texas Instruments Part Number 


2264826-0001 


2264815-0001 
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3.8.1.1 Memory Test Execution. The memory 
test is started by entering ‘“*R0O0” and press- 
ing the XMIT key at the Adar memory tester 
data terminal. The memory tester will res- 
pond with “J+ TO START”. After toggling 
the switch to the right (J+), the memory 
tester responds with “J + FOR DIAG; J- FOR 
PERF” on the data terminal CRT. On the first 
pass, toggle the joystick to J- to start the 
performance tests. If the board under test 
fails the first test (a march test), the BEM will 
be displayed, followed by “J+ TO CONT; J- 
TO END”. The operator should then end the 
test with J-, restart with J+, and run the 
diagnostic tests with J+ as directed by the 
CRT messages. If the board under test 
passes the first test, a pass condition will be 
indicated along with the type of test and the 
values of Vcc, Vbb, and Vdd. The remaining 


tests will be run automatically provided the 
preceding test passes. If any test fails, the 
BEM, type of test, and power supply values 
will be displayed, followed by ‘‘J + TO CONT, 
J- TO EXIT”. Setting the joystick to “J+” 
continues the next test; setting the joystick 


to “J-” will end the test. Always end the test 


before removing the board under test or 
before replacing memory chips. 


3.8.1.2 96KB Memory Controller Board Error 
Maps (BEM). The BEM is provided as a CRT 
display at the data terminal of the memory 
tester. As shown in figure 3-17, the BEM 
represents the memory array. Memory read 
errors are logged at speed during any given 
test, and at the end of each test the BEM 
displays any chip failures. The good chips 
are represented with asterisks, whereas 


Table 3-8. 96KB Board to Tester Connections 


Board Under Test to 


P1 


P2 


P3 


P4 


Note: 


Memory Tester Interface 


Ji 
J2 
J3 


14 


'J3 and J4 are ribbon cable connections. Arrows on mating connectors 


should be aligned with each other. 


Table 3-9. 96KB Memory Size Jumper Schedule 


Part Number Memory Size 
2261980-0002 32KB 
2261980-0006 32KB 
2261980-0003 64KB 
2261980-0007 64KB 
2261980-0004 96KB 
2261980-0008 96KB 
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J9 J10 
OFF ON 
OFF ON 
ON OFF 
ON OFF 
ON ON 
ON ON 
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failing memory chips are indicated by the 
reference designator of the failing chip. The 
BEM is interpreted as follows: 


1. The first three rows of the BEM repre- 
sent the 16K RAMs at reference 
designations N4 through N19 (first row), 
M4 through M19 (second row), and L4 
through L19 (third row). The asterisks 
are replaced by the corresponding 
reterence designator as a failure occurs. 


2. The next three rows of the BEM repre- 
sent the 16K RAMS in the error correc- 
tion code memory at reference desig- 
nations N20 through N25 (first row), M20 
through M25 (second row), and L20 
through L25 (third row). 


3. The next two rows of the BEM represent 
the data channels at the expansion in- 
terface, MBOO- through MB21- (odd- 
numbered pins 1 through 43 of connec- 
tor P4). As failures occur, MBOO- is 
represented by B00, MBO1- as B01, etc. 


4. The last row of the BEM is enabled 
during the test for error correction. Each 
position represents one of the TILINE 
data channels TLDATOO- through 
TLDAT15-. As failures occur, the 
asterisks are replaced by BOO 
(TLDATOO-) through B15 (TLDAT15-). 


EEK REK BHKHE KBKHE BKKE HHH HEE KEE 


EXE HEE KEE EXH KEK HEE HEE HEE 


HEE EEK BEE HEE BEE HEHE HKE KKE 


KEE HEE KEE KFEE BEE BEE BEE KEE 


EEX REE BKK BEE BKBEE HKRE EXE EEE 


Figure 3-17. 
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3.8.1.3. 96KB Memory Controller Diagnostic 
Tests. The following is a description of 
memory controller diagnostic tests. 


Existence Test. The existence test is run 
automatically after the joystick is toggled to 
“J+”. A BEM will indicate any functioning 
memory chips. This test is run twice. During 
the first pass, the controller is set in a 
diagnostic mode such that error correction 
and detection is suspended and the sixteen 
data bits are written and read without 
manipulation. During the second pass, the 
six correction bits are written through the six 
most significant TILINE data channels, 
TLDATOO- through TLDATO5-. 


Address Faults Test. If a functional data 
channel is found, the address faults plot will 
indicate faulty address lines in each row. 


Debug Routine. After the address faults 
plot, the operator is provided with three com- 
mands for troubleshooting. The first is for 
the memory with error correction disabled; 
the second, for the error correction banks 
only. When transmitted, these commands 
result in a repetitive series of test cycles 
specifically for troubleshooting with an 
oscilloscope. Near the bottom of the display, 
a modification can be made to choose a 
given row in memory. Follow the CRT com- 
mands for setup. The last command provided 


HEX BEE HEX KER FEE KK 


HER HEE BREE KEKE BEE HEE 


HEE EHKE HEE KEE HKE HEE 


KEE KBEK BKK KEE KEK 


HEX KEE BEX HKE HEE 


EXX BEE HEE HEE KEE 


REE BREE KREX BHEE HEE KEE 


EEE REX EEX KKK EEE 


KEKE BEE BEE KEK EEE FEE 


Board Error Map Representation for 96KB Memory Controller Tests 
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allows the operator to troubleshoot with the 
memory controller under standby conditions. 


3.8.1.4 96KB Memory Performance Tests. 
Memory performance tests consist of march, 
checkerboard, rotate data word, increment 
data word, ping pong, GALROWCO-ROW, 
GALROWCO-COL, and diagonal patterns. 
This series of tests is executed twice. Error 
correction is disabled during the first pass 
via a diagnostic mode. The six correction bits 
are tested during the second pass. 


3.8.1.5 96KB Memory Board Function Tests. 
Four board function tests are performed after 
the completion of the performance tests. 
First, data is written to the controller and 
tested at the expansion interface. Second, a 
series of data words with one bit in error is 
read through the expansion interface, expec- 
ting corrected data at the TILINE interface. 
Then the board under test is exercised in its 
normal operating mode (error correction 
enabled) with a march pattern. The last board 
function test, the + 5 standby test, simulates 
operation under battery power (+5 MAIN 
supply at 0 volts). 


3.8.2 Troubleshooting 96KB Memory 
Controller 

The final diagnostic test for the memory con- 
troller, the debug routine, provides a run con- 
tinuous command for each row. Each com- 
mand results in a repetitive series of test 
cycles specifically designed for 
troubleshooting with an oscilloscope. Alter- 
nate 1s and Os are applied to address and 
data for a write and a read cycle. The data 
word is then complemented and a write cycle 
is executed followed by a read cycle. The ad- 
dress is then complemented and the four 
cycles are repeated with the data word and 
its complement as shown in the following ex- 
ample. 
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EXAMPLE 7 

WRITE DATA WORD ADDRESS 

READ DATA WORD ADDRESS 

WRITE DATA WORD- ADDRESS 

READ DATA WORD- ADDRESS 

WRITE DATA WORD ADDRESS- 
READ DATA WORD ADDRESS- 
WRITE DATA WORD- ADDRESS- 
READ DATA WORD- ADDRESS- 


The eight memory cycles are repeated con- 
tinuously. A synchronizing signal occurring 
at the beginning of each series of eight 
cycles is available at the memory tester con- 
trol panel (CYCLE COUNT BNC). Refer to 
figure 3-18 for some specific waveforms and 
oscilloscope settings. 


3.8.2.1 96KB Memory Controller RAM 
Input/Output Timing. Refer to figure 3-19 for 
expanded timing waveforms at RAM inputs 
and outputs. 


3.8.2.2 96KB Memory Controller Refresh 
Timing. Refresh is performed asyn- 
chronously by the refresh oscillator and 
associated logic. See figure 3-20 for the ex- 
pected waveform at test point 1. Adjust the 
value of resistor R28 (15K ohms) or resistor 
R26 (47K ohms) if necessary. For a faster 
cycle time, subtract resistance from R28 or 
add resistance to R26. For a slower cycle 
time, add resistance to R28 or subtract 
resistance from R26. 


3.8.2.3 96KB Memory Controller Delayed 
Timing Signals. The delayed timing signals, 
GO120 and GO170, should have the relation- 
ship to TLGO- as shown in figure 3-21. The 
RC delay networks of R11, R46, C96 and R12, 
R45, C86 can be adjusted to obtain the ex- 
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EDGEBOARD 


TLGO- 
P1-25,B7-7 


TLRE. AD 
P1-11,B7-15 


TLTM— 
P1-20,B7-2 
RAM 

DI,2 

EVEN CHIPS 
DI,2 

ODD CHIPS 
R/W,3 


RAS— ,4 


CAS—,15 


AO ,A2,A4,A6 





6,11,13 

A1,A3,A5 

7,12,10 

RFCYC 

c4-8 

TIME INUSEC ——®> 
SCOPE SETTINGS 

TIME/DIV: .,5 USEC/DIV 
VOLTS/DIV: 2 VOLTS/DIV 
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR’S PANEL) 
TRIGGER MODE NORMAL 

(A)142842 TRIGGER COUPLING AC 


Figure 3-18. 96KB Memory Controller Debug Routine Waveforms 
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pected time delays. If GO120 delay is less 3.8.2.4 96KB Memory Controller Expansion 
than the limits, R46 can be removed from the Memory Signals. Signals IRAS-, ICAS-, and 
circuit to increase the delay. Similarly, if ICADSEL from the 96KB memory controller 
GO170 delay is less than required, R45 can to the add-on expansion memory array board 
be removed from the circuit. If further adjust- should have the relationship shown in figure 
ment is required, the values of R11 or R12 3-22. In order to obtain the minimum delay of 
can be changed. Increasing resistance in- 45 nanoseconds between ICADSEL and 
creases delay; decreasing resistance ICAS-, selection of IC devices at locations 
decreases delay. J2, J4, or K2 may be required. 
TLGO-~ 


ie8) 

NI 
i 

N 


VAY oLe 


| 
| 
| 
| 
i 
| 
| 
{ 
RAS-,4 \ 
| 
| 
i 
| 
| 
| 
l 
| 
' 


: 





| 
| 
| 
| 
CAS—,15 | | i 
| | | 
| | Nr | 
! fics hed ee Be, ok A ce eyes gs 
*R/W,3 | l | 
| | | | 
| | 
| | | | | | 
Bt, EVEN F 
2 (WRITE) | | | | | | \ \ i i 
DI,ODD I 
2 (WRITE) | | | | | | | | | | 
DO,EVEN y I 1 I | | | | | | 
14 (READ) | J l ! | | 
DO ,ODD ! | | | l | l 
14 (READ) i | | | ' | | 
l | | | | | 
| | ! | i | | | | | | 
| | | I | | | | | 
) 50 100 150 200 250 300 350 400 450° 500 
TIME IN NSEC ———> 
SCOPE SETTINGS 
TIME/DIV: .05 USEC/DIV 
VOLTS/DIV: 2 VOLTS/DIV : 
TRIGGER INPUT EXTERNAL? CYCLE COUNT BNC (ADAR OPERATOR’S PANEL) 
TRIGGER MODE NORMAL 
TRIGGER COUPLING AC 
*NOTE? -— WRITE (SOLID) 
(A) 142849 -- READ (BROKEN) 


Figure 3-19. 96KB Memory Controller RAM Input/Output Timing Waveforms 
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TEST POINT 1 


(A)142846 


TLGO~ 
B7-7 


GO120 
H3-10 


GO170 
H3-12 


(A)142 847 
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| 
@—t—i_t, 11 | 
l y PY l l 
i i i i i i 
18) 2 4 6 8 10 12 14 16 18 20 
TIME IN USEC -———> 


14,0 USEC <Tp > 15.5 USEC (AS A RESULT OF THIS SIGNAL 
RFCYC. A01-23, SHOULD OCCUR EVERY 15 USEC) 


SCOPE SETTINGS 


TIME/DIV: 2 USEC/DIV 

VOLTS/DIV; 2 VOLTS/DIV 

TRIGGER INPUT EXTERNAL? CYCLE COUNT BNC (ADAR OPERATOR’S PANEL) 
TRIGGER MODE NORMAL 

TRIGGER COUPLING AC 


Figure 3-20. 96KB Memory Controller Refresh Timing Waveform 





00 ,.02 ~04 . 


TIME IN USEC -———> 


1ONS <T See > 130NS 
60NS < T(GO170) > 180NS 
5NS < T(GO120-GO1 70) >55NS 


SCOPE SETTINGS 


TIME/DIV: .02 USEC/DIV 

VOLTS/DIV: 2 VOLTS/DIV : 

TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR’S PANEL) 
TRIGGER MODE NORMAL 

TRIGGER COUPLING AC 


Figure 3-21. 96KB Memory Controller Delayed Timing Signals 
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3.8.2.5 Pulse Waveforms for 250-Nanosecond 
Delay. Pulse waveforms at the output of the 
250-nanosecond delay devices are shown in 
figure 3-23. 


3.8.2.6 Timing for Read/Write Cycles. Figure 
3-24 shows the relationship between signals 
TLGO- and TLTM- for a read cycle free of 
errors, a read cycle with errors, and a write 
cycle. 


3.8.2.7. TLGO- Release Time. After the 
memory tester has released TLGO-, the 
96KB memory controller should release the 
signal TLTM- within 60 nanoseconds, as 
shown in figure 3-25. 


3.8.2.8 96KB Main Power, Standby Power 
Signals. The relationship between main 
power and standby power for the 96KB 
memory controller is the same as that shown 
for the cache memory controller in figure 
3-13. Signal TLGO- is at pin 7 of device B7 for 
the 96KB memory controller. 


IRAS- 
P3-13,K1-11 


ICAS~ 
P3-15,K1-6 


| 
ICADSEL | 
P3-7,K1-8 | ) 
| 


03 


. 00 .O1 -02 


TIME IN USEC ——»> 
45NS < TRS SEL ICADSEL) >75NS 


45NS<T 
SCOPE SETTINGS 
TIME/DIV: -O1 niet 


VOLTS/DIV? 2 VOLT 


s/DIV 
TRIGGER INPUT EXTERNAL: 


TRIGGER MODE NORMAL 


TRIGGER COUPLING AC 


(A)1 42848 


3.9 256KB ADD-ON MEMORY ARRAY 
CHECKOUT AND TROUBLESHOOTING PRO- 
CEDURES USING MEMORY TESTER 


Instructions are provided in this paragraph 
for performing a checkout of the 256KB add- 
on memory array using a memory tester. Ad- 
ditionally, useful troubleshooting pro- 
cedures are provided along with waveform 
representation of the board in various modes 
of operation. Test equipment required to per- 
form the checkout procedures is listed in 
table 3-10. 


3.9.1 Memory Test of 256KB Add-On Memory 
Array 

Verify that the test equipment as listed in 
table 3-10 is currently certified and perform 
the test of the 256KB add-on memory array 
using the Adar memory tester as follows. 


1. On the Adar memory tester, press the 
REM and RSI/RDS power switches, in 
that order (red switch lights should be 


ICADSEL TO ICAS~)> 60NS 


CYCLE COUNT BNC (ADAR OPERATOR’S PANEL) 


Figure 3-22. 96KB Memory Controller Expansion Memory Signals 
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T220 


K2-4 


T270 


H3-5 


T345 


K2-9 


T370 


K 


TRAS 
J3 


” 
~ 
! 


J3—-3 





J3-9 


TIME IN USEC ———p» 


SCOPE SETTINGS 


CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 


VOLTS/DIV 


1 
TRIGGER INPUT EXTERNAL 


O5 USEC DIV 
TRIGGER MODE NORMAL 


ry 
e 


TIME,DIV 
VOLTS/DIV 


45 


(A)1428 


TRIGGER COUPLING AC 


250-Nanosecond Delay Devices Output Signals Waveforms 


Figure 3-23. 
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TLGO- 
B7-7 
TLTM- 
B7-2 
00 -10 .20 .30 . 40 -50 .60 .70 . 80 .90 1.0 
TIME IN USEC -——> 
READ CYCLE 490NS < Tp > S40NS* 
READ CYCLE WITH ERROR S9ONS < Tp > 640NS* 
WRITE CYCLES 365NS < Tp > 400NS* 
SCOPE SETTINGS 
TIME/DIV; .10 USEC-DIV 
VOLTS/DIV: 2 VOLTS/DIV 
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 
TRIGGER MODE NORMAL 
TRIGGER COUPLING AC 
*# NOTE! MINIMLIM AND MAXIMIIM VALLIFS RASED ON 170NS TLGO- TO GO170 
(A)142852 
Figure 3-24. Read/Write Cycle Timing 
TLGO- | 
B7-7 | 
TLTM- | | 
B7-2 | | 
. 00 .O1 .02 03 .04 .OS .O6 .07 .0o8 .09 .10 
TIME IN USEC ——»> 
30NS < Tp > 60NS (50NS NOMINAL) 
SCOPE SETTINGS 
TIME/DIV: .0O1 USEC,/DIV 
VOLTS/DIV: 2 VOLTS/DIV 
TRIGGER INPUT EXTERNAL: CYCLE COUNT BNC (ADAR OPERATOR'S PANEL) 
TRIGGER MODE NORMAL 
TRIGGER COUPLING AC 
(A)142850 


Figure 3-25. TLTM- Release Time 
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off). Install the memory tester interface 
for the 256KB add-on memory array (part 
number 2264815-0002). Press the 
RSI/RDS and REM power switches, in 
that order (red switch lights should be 
on). 


. On the Adar memory tester, set RSI 
switches 1, 2, and 8 to the ON position 
and switches 3 through 7 to the OFF 
position. 


. Load the program tape, 128EXP 
(TESTTS, ARRYTA). Enter ““*RFI 128EXP 
CAS” and press the XMIT key at the 
Adar memory tester data terminal. Then 
load the calibration tape, CALRST.. 
Enter “*RFI CALRST CAS” and press 
the XMIT key. The CRT will display 
“REQUEST COMPLETE” to indicate 
that calibration is complete. 


. Install the 256KB add-on memory array 
board to be tested into the memory 
tester interface with component side of 
the board facing the operator of the 
memory tester. Make connections as 
shown in table 3-11. 


Tester 
item 


Adar Model DR12/25 Memory Test System Tester 


Memory Tester Interface, 256KB Add-On Memory Array Board 


Oscilloscope, Tektronix Model 475 (or equivalent) 
Multimeter 

10X Probes with Grounding Clips 

Coaxial Cable with BNC to BNC Connectors 


Program Tape 128EXP (TESTTS, ARRYTA) 
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5. Perform visual check. Ensure that DIP 
switches on the board are all in the off 
position. Scan the board under test for 
solder shorts. 


6. Note the dash number of the board 
under test and ensure that the jumper 
configuration for jumpers J9 and J10 
and the number of rows of memory 
chips agree with that shown in table 
3-12. 


3.9.1.1. 256KB Add-On Memory Array Memory 
Test Execution. The memory test is started 
by entering “*R 0 0” and pressing the XMIT 
key at the Adar memory tester data terminal. 
The operator should then follow the instruc- 
tions on the data terminal CRT for program 
setup and use the toggle switch ijabeled 
JOYSTICK on the memory tester control 
panel to run the first board test. When the 
joystick is toggled, the nominal march test is 
run and the resulting board error map (BEM) 
is displayed. The operator then must use the 
joystick to choose between diagnostic or 
performance tests. The statement “J+ FOR 
DIAG ; J- FOR PERF” will appear on the CRT, 
and the operator must toggle the joystick to 


Table 3-10. Test Equipment Required for 256KB Add-On Memory Array Checkout Using Memory 


Texas Instruments Part Number 


2264826-0001 


2264815-0002 
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“+” or “-” as applicable. If the memory 
under test fails the nominal march test, the 
diagnostic tests should be run. The perfor- 
mance tests should be run if the board under 
test passes the nominal march test. 


3.9.1.2 256KB Add-On Memory Array Board 
Error Maps (BEM). The BEM is provided as a 
CRT display at the data terminal of the 
memory tester. As shown in figure 3-26, the 
BEM represents the memory array. Memory 
read errors are logged at speed during any 
given test, and at the end of each test the 
BEM displays any chip failures. The good 
chips are represented with asterisks whereas 
failing memory chips are indicated by the 


reference designator for the failing chip. The 
BEM is interpreted as follows: 


1. Each row of memory chips on the 256KB 
add-on memory array is represented by 
two rows in the BEM. Rows one through 
eight are ordered vertically, top to 
bottom, on the BEM just as they appear 
on the board under test. The first row of 
asterisks in figure 3-26 represents the 
16K MOS RAMs in the top row of the 
memory board (data bits positions 0 
through 15, left to right). The second 
row of the BEM represents the RAMs in 
data bit positions 16 through 21 (also in 
the top row of memory). This represen- 


Table 3-11. 256KB Board to Tester Connections 


Board Under Test to 


P1 
P2 
P3 


P4 


Note: 


Memory Tester Interface 


J 
J2 
J3 


'J4 


1 J3 and J4 are ribbon cabie connections. Arrows on mating connectors 


should be aligned with each other. 


Table 3-12. 256KB Memory Size Jumper Schedule 


Part Number Memory Size (Bytes) J9 J10 
948955-0001 64K OFF ON 
948955-0002 128K ON OFF 
948955-0003 192K ON ON 
948955-0004 256K OFF OFF 
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tation is implemented for each of the 
eight rows. For board assemblies with 
less than eight rows of memory im- 
plemented, the unused portion of the 
BEM can be ignored. 


2. As faiiures occur in the first row of 
memory, the asterisks in the first row of 
the BEM are replaced by 100 (bit 0, first 
row) through 121 (bit 21, first row). The 
BEM as shown in figure 3-26 indicates 
that all of the memory chips in the 
fourth row have failed. 


3.9.1.3 256KB Add-On Memory Array Diag- 
nostic Tests. The following is a description 
of 256KB add-on memory array diagnostic 
tests. 


Existence Test. The existence test is run 
automatically after the joystick is toggled to 
“J+” for the diagnostic tests. A BEM will in- 
dicate functioning memory chips. The 
operator should continue to toggle the 
joystick as directed by messages on the 
CRT. 


Address Faults Test. |f a functional data 


HES BEX BEE BEE BEE KEE KEK HEE 


REX KEE HHH BEE KEE HEH HEE KEE 


ERX BEE HEHE BREE HEE KKHKE HEE HEE 


400 401 402 403 404 405 406 407 


EEE BREE HEE HEH HEE REE KHE KEE 


HEE EXE KEKE BEEK BEE HEE KEK KEE 


EKK KKK HEH KEE BEE BEK HKE HEHE 


ERE BEEK HEX BEE HEE HEE BEE HHE 
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channel is found, the address faults plot will 
indicate faulty address lines in each row. As 
described in paragraph 2.2.1, the address in- 
puts for the TMS4116 memory chip are 
multiplexed. The address faults display 
shows chip row addresses RO through R6 
and column addresses CQ through C6. These 
chip addresses correspond to the edgeboard 
addresses as follows: 


RO TLADR11 P2-12 
R1 TLADR10 P2-10 
R2 TLADRO9 P2-19 
R3 TLADRO8 P2-17 
R4 TLADRO7 P2-49 
R5 TLADRO6 P2-47 
R6 TLADRO5 P2-59 
CO TLADR18 P2-25 
C1 TLADR17 P2-27 
C2 TLADR16 P2-29 
C3 TLADR15 P2-9 

C4 TLADR14 P2-8 

C5 TLADR13 P2-15 
C6 TLADR12 P2-11 


Debug Routine. The debug routine provides 
a series of Run Continuous commands that 
may be executed, one for each of the eight 


HEX BREE BEE HEH BEE HEX HEHE 
HEX HEE BKK BHE BEE HEE 
SKE FRE HEE BEX HEH FHKE BEE 
EEX KEE HEE HHH REE RHE 
KEN HEH KEE HHH BEE BEE HEE 


KEE HES BEE BEE RHEE KEE 


408 409 410 411 412 413 414 415 


416 417 418 419 420 421 


KEE BRE HEE HEE BEKE BHKE BHHKE 
KEE HEH HKHE EHXH KRKE HEE 
KEE BREE KEK BEE HEHE HEE HHE 
KEE KBKE HEE KEK KEE HEE 
EEE KEE KEE BREE HEE HEE HHE 
EXE KEE KEKE KEE HEHE FHKE 
EXE KEK BEX BHKHE KEK HKE EHFRE 


HEX HEE EEK BREE HEE HEX 


Figure 3-26. Board Error Map Representation for 256KB Add-On Memory Array Tests 
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rows of memory on the 256KB add-on 
memory array board. When entered, the run 
command in the form of ‘“*RC X X” (where 
row is substituted for X X) results in a 
repetitive series of test cycles on the 
designated row. The test is specifically 
designed for troubleshooting with an 
oscilloscope. 


3.9.1.4 256KB Add-On Memory Array Perfor- 
mance Tests. If ‘the nominal march test 
passes, joystick J- will branch to the re- 
maining board/chip performance and board 
function tests. Each test is run automatically 
after the joystick is toggled (J-) for the per- 
formance tests, provided the preceding test 
is successfully completed. If any test fails, 
the BEM, the type of test, and the values of 
Vcc, Vdd, and Vbb are displayed followed by 
“J+ TO CONT; J- TO END”. Always end the 
test before removing the board under test 
from the memory tester interface. For the 
performance tests, the majority of failures 
will be due to marginal memory chips, pro- 
vided the march test passes. 


3.9.1.5 256KB Add-On Memory Array Func- 
tion Tests. Four board function tests are 
performed after the completion of the perfor- 
mance tests. Each of these tests is de- 
scribed as follows: 


Refresh Operation. A data pattern is written 
to the board under test, and during a given 
time period only refresh cycles are per- 
formed. A read cycle is then performed to 
verify retention of data. The last two cycles 
of the debug routine (see paragraph 3.9.1.3) 
are refresh cycles for troubleshooting 
refresh circuit failures. 


Board De-Select. To ensure that addresses 
that are not within the given address space 
for the board under test do not select the 
board, a series of invalid addresses are 
written to and read from the board, expecting 
that the attempt will fail. If an invalid address 
causes a pass condition to occur, the 
memory tester will stop and loop on that 
condition. 
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Error LED Test. Visual verification of the 
error LEDs is indicated by CRT messages. A 
Run Continuous command is provided for 
troubleshooting. 


BSEL Test. The signal at edgeboard pin 
P3-19 is measured automatically for select 
and de-select levels. A Run Continuous com- 
mand is provided for troubleshooting by CRT 
messages if the test fails. 


3.9.1.6 Test Completed. If no error 
messages or failing board maps appear 
during the execution of the test, “TEST 
COMPLETE” will be displayed on the 
memory tester CRT to indicate that the board 
under test has successfully completed the 
test. 


3.9.2 Troubieshooting the 256KB Add-On 
Memory Array 

The final diagnostic test for the 256KB add- 
on memory array, the debug routine, provides 


-a continuous command for each row. Each 


command results in a repetitive series of test 
cycles specifically designed for trouble- 
shooting with an oscilloscope. Alternate 1s 
and Os are applied to address and data fora 
write and a read cycle. Address and data are 
then complemented and a write cycle is per- 
formed followed by a read cycle. Two refresh 
cycles are performed with a refresh address 
and its complement. These six memory 
cycles are repeated continuously. A sync 
signal occurring at the beginning of each 
series of six cycles is available at the Adar 
memory tester control panel (CYCLE COUNT 
BNC). Refer to figure 3-27 for some specific 
waveforms and oscilloscope settings. 


3.9.2.1. 256KB Add-On Array RAM Input/Out- 
put Timing. Refer to figure 3-28 for ex- 
panded timing waveforms at RAM inputs and 
outputs. 


3.9.2.2 256KB Add-On Array Error Circuit. A 
run continuous command is provided for 
troubleshooting the error LED circuits if the 
LEDs fail the visual test. See figure 3-29 for 
the expected waveforms. 
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Figure 3-27. 256KB Add-On Memory Array Debug Routine Waveforms 
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Figure 3-29. 256KB Add-On Array Error Circuits Waveforms 
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3.9.2.3 256KB Add-On Array Board Select 
Signal. A Run Continuous command is pro- 
vided for troubleshooting the board select 
signal, IBSEL-, if the board select test fails. 
See figure 3-30 for the expected waveform. 


3.9.2.4 
for Standby Power. 


Troubieshooting 256KB Add-On Array 
A Run Continuous com- 


& 
Oo 
vi — 


Maintenance 


mand is provided for troubleshooting the 
256KB add-on array during standby power 
conditions. Waveforms are shown in figure 
3-31 for the initial loss of +5 MAIN, for the 
duration of power loss (battery power), and 
for the resumption of +5 MAIN power. 
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Figure 3-30. Board Select Waveform 
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Waveforms for Power Loss and Restored Main Power 
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assembly drawings and logic diagrams for 
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o0rs 00001. 000 EA 0944954-0001 (TNSULATOR, PWBe 14IN 
0076 60006. 000 EA 0972684-0002 (SCREW. THD FREG HEX WSHR HD ,2—-SH6X1/74& LG . 

| oor7s 00002.000 €a 0533844~-0001 (EJECTOR, NYLON, NON-LOCKING, PwWB 
ooTs 00002. 000 2210188-0010 (Of SOCKET, 8—PIN,COW PROFILE SEE TI- DRAWING 
0080 00001.000 EA 0996 069-0004 | 1C eSNT4LS244N LINE DRIVER ~SNT4LS244N | 
00804 UA3 

0083 00001 .000 Ea 0996089-0001 | IC oSNT4LS240NCLINE ORIVERS 00 1295—SNT74L5S 240N 
OOB3A URS 
0084 00001. 000 EA 0945693-0067 ROM #1,16K ECC DECADE. 990/10 | 
OO84A UNT 
oos? 00004. 000 | €a 0996864~-0001 | CONNEC TOR ,SOCKET PCB 022526-75960-007 

| 
COSTA I on Dene a I [eo THRU E12 
MEMORY CONTROLLER, WECC » S907 16KR 
‘alain LM226 1980-0001 | hed 















































> TEXAS INSTRUMENTS 
orig INCORPORATED sie eerie Gee LIST oF MATERIAL PAGE @ of 
PART NUMBER DESCRIPTION VENDOR PART NUMBER 
00001.000 2210106-0017 (SOCKET, O10, 20-PIN,LOW PROFILE SEE YT -1 ORAWING 
Oosea xual 
0091 00001 .000 EA 0411226-0002 | TERMINAL. STUD | 
COOSA Te. 
0092 00001.000 | EA | 0946707-0001 [STEFFENERS PUB, LE INCH 
0093 o0001.000 | &A | 0966 708-0001 INSULATOR STIFFENERSPWBeL 1 ENCH 
0095 00001.000 | €A | 0539468-0002 [D10DE,1N4002 LAMP 100PTV RECTIFIER TE «== ~EN6002 
0095 cris 
00% 00001.000 | EA 22101880014 | SOCKET» DEP. 20-PINSLOW PROFILE SEE T -1 DRAWING 
00964 KUHT 
| eoee ooomi.o00 | FA | 2261900-SOOL |AUTO-INSERTEO PARTS LEST FOR 2261980-1 
0099 o0001.000 | ea | 0539370-0510 RES FIX FILM 20.0K OHM IX .25 WATT COR = ~NASSD-100PPN/C 
00994 R46 
| o1e0 00001.000 | EA 0539370-0525 [RES FIX FILM 28. 7K OHM LE 025 WATT COR = NASS 
; on00a | | | Ras 
| 0101 | 00002.800 | FT 2210083-0003 |WIRE,ELECsCOND U/L STYLE 1213026 AWG | 090484-WTE248 
i i 
‘ od | es 'LM2261986-0001 | as: 
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; 0025 
00254 
0027 
OO2TA 
| 0030 


0032 
| go3za 
0033 
0033A 


00364 
oe3e 





00384 
0055 
e0SSa 


DRAFTSMAN 








QUANTITY UNIT OWG 
ASSERALY he | size 
REF : EA | 
ree / eM 
Ree | eA 
00002.000 EA 
| 
00001.000 EA 
| 
00001.000 | &a | 
he 4 
00003.600 EA | 
00002.600 | EA | 
00002.000 | EA 
00902.000 | E& 
00002.000 | EA 
00001.600 | EA 
DATE | CKD DRAFTSMAN 
APPD PROJECT ENGINEER 








jam, TEXAS INSTRUMENTS 
cOR ORATED 


cate 98/82/80 



































PART NUMBER 
2261982-9901 


2261963-9901 


226 1984-9901 


0996 089~000 27 


0996029-0001 


22612 965-0001 


0996307-0001 


0996420-6001 


099646 2-0081 


2220288-6022 


0972 753-0082 


O972TST-COLG | CAP,FIXED CER LSGOPF SOWRDC +102 








————_-____— 
i 
i 


ASSEN SE 


LIST of MATERIAL 


PAGE 1 of 





DESCRIPTION 





‘LOGIC, MEMORY CONTROLLER W/ ECC. $90/12 





\cap,erne 220PF 25 uvOC 2.0% 


| 





TCeSMTI4ESZ24IN,LINE DRIVERS 
a2 UAs 
1Cy SNT44SZ73N OCTAL O~TYPE FLEP/FLOP i 


vos 


FPL Ae ADDRESS DECODE ,LGKR MEMORY CONT 


ual 


TCeSNT4S373,0CTAL O. FLIPFLOP 


UPS UPe UPA 


1Co SH7&L S373 


uci 


DELAY LINE, TAPPED 


UK2 UK 


SOCKET .DEPe16—-PINS, LOW PROF ELE 


XUKO2 NUKO3 


CO6 C% 


[TEST PROCEDURE, NERORY CONTROLLER 990/12 | 
| SPEC TE ICATIONM MEM CONT W/ECC eLOKR | 









Date | THLE 


DATE | PROJECT NO. 





LIST of MATERIAL 


PAGE 2 of 


Tt 


WY! 


PART NUMBER 





‘ 01295S-N74L S241N 


~SNT4LS 2736 


— SN 748373 


001295S-SNTSLS373N 


O97722-EP~T111 


SEE T -f DRAWING 


| uc 


-C$002216 


OOTLIS-CACOZKTRIGIKEG 


MERORY CONTROLLER, 32K8 USECC » LAKE 


PART NUMBER 


|LMz261 980-0002 3 


T REV 


LM2z261980-0002 | ax 


VENDOR PART NUMBER 





= 





! 


DESCRIPTION 


VENDOR PART NUMBER 








"e110 





;Q3 Q¢ Q5 06 Q7 Q8 | 
‘TRANSISTOR, 2N930A NPN LOW CUR ANP, TO-18 


‘CAP FIXED, AKEAL LEAD, 0067 UF e+80%,-208 
/eS8 CLUL Cht2 C13 

i { 
|CAP FIX TANT SOLfD 39 MED 10 © 10 voLT 


c1e 


TRANSISTOR AST2907 PNP SILICON | 


2 


\TRANSESTOR 242605 LOW-LEVEL »LOW-NOISE 


| 


/Q10 


|RSTR Z2H23GSACNPNLHIGH SPEED SW, FO-18 
| 
@i Qui 


"TRANS STOR- AST 2222 NPM SILICON 


OLOMESLED 550-0103 


|BIOOE SVISESLE LIGHT EMITTING 


Qe Qi2 


CRE CR2 


|CR3 THRU CRIB 


| SWITCH, SLIDE-SPST,DIP 8 SWETCHES 





50 MA 3 f 


QPL 


Tt- 


“OY 


Aa | 


aOT 


Ora 








DATE | DESIGN ENGINEER 


-- TEXAS INSTRUMENTS 
a INCORPORATED Sa 08s01780 
we seit Se See | PARTNUMBER | 
[asta rt 
90s 00008.000 | Ek «0972 743-0021 
_ 00seA | 
| 0063 00001.000 EA | @972924-0006 
00634 | 
o0es 00008.000 | EA | 9800823-0001 
| 06a | 
0065 | 90001.000 | EA | | 0972987-0001 
, 006SA | | 
| 9066 | 00001.000 eA | 0972949-0001 
| 00664 
9087 00002.000 EA 0972958-c001 
COeTA | | | 
' 90ee | 0002.00 | ga | 0972087-0001 
| o0eea | | | | 
e070 o0002.000 «EA | 0972537-0001 
oo70a | | | 
OTL | cpett.co0 §=6EA | (0 226609-0001 
oorta | 
' oor2 | 00002.000 ea | | 0972547-o008 
Toearan —SSC(TE TCD. DRAFTSMAN 


‘ i 


2250690-9701 


DATE | APPD PROJECT ENGINEER 








-43900371-2259 


~aST2907 


~ 2N9S30A 


~2N2605 


~ 22369 


~AST2222 


3550-0103 











DATE | RELEASED. 





Date | TITLE 
| MEMORY CONTROLLER, 32KB W/ECC,1GER 
Bate PROIECT NO } L PART NUMBER a : 
| j 261980-0002 46 





Change 1 





Drawings 


Drawings 





LIST of MATERIAL 


PAGE 9 of 


PAgT NUMBER REV 
(LM2261900-0002 0. 











Hae VERS INS UMENTS 
ante pate 08/01 780 
en eat ws ] PART NUMBER 
ooTs 00002. 000 | €A 0972137-0005 
00734 
0074 90001.000 | EA | 0945239-0002 
007s 00001.000 | EA 0944954-0001 
oor 00006.090 | EA 0972684-0002 
ooTe 00002.000 | EA 0533044-0001 
0079 00002. 9000 | 2210180-0010 
0000 90001.000 | EA 0996089-0004 
0080 
0063 00001.000 | €A 0996 089-0001 
0003 
0084 00001.000 | A 0946693-0067 
008A 
00s? 00004.000 | EA 0996864-0001 
| @oeTa 
| 9088 00001.000 | €A 0972713-0001 
ooeea | | 
| ooee 00001.000 | 2210166-50i7 











a ee 







DATE | CKD DRAFTSMAN 












DATE | APPD. PROJECT ENGINEER 


66801.9000 | 


90008. 000 


06008. 680 
00001 .060 


00008. 090 








ca 


€a 


EA 


€a 


€A 
ea 


€a 


eY 


















" Oettz2e-60e? 






DATE | DESIGN ENGINEER 


pave B/G 480 


PART NUMBER 


0946 707-0001 
0940 708-0001 


| 993994¢68-0002 


2210180-0014 


2261 980-5002 
0539370-0510 


053393 70-0525 


2210083-0003 








DESCRIPTION 


VENDOR PART NUMBER 





UC? use 

| CONNECTOR, PC $O PIN 

Ps Pe 

ORACKET—STIFFENER, PMH, ISIN 
TMSUL ATOR, PUB, 14IN 

SCREW, THO FRNG,NEX WEMR NO_2-S6XK1/4 LG 
EJECTOR, NYLON, NOM-LOCKING, PUB 
OTP SOCKET, O-PIN, LOW PROFILE 

EC ySNTOLS244N LENE DRIVER 

vas 

IC oSNPOLS24ONSLENE DRIVERS 

UR} 

ROM #LelOK ECC DECODE, 9907/10 
uM? 

CONNECTOR, SOCKET ®CB 

eo Ter £12 

PLUG, JUMPER, 1.C.. 0.300 INCH 
J10 





XUAL 


DATE | THLE 


MEMORY CONTROLLER, 32KB WELT 16KR 


PART NUMBER 
ad a org 


LIST of MATERIAL 


PAGE 4 of 






DESCRIPTION 
 VERRIRAL STUD 


TPL 

SVIFCENER PUBL LL INCH 

CWSU ATOR STIFFENER, PUBLLT INCH 
DIODE. INGOO2 LAMP 
cals 


LOOPIV RECTIFIER 


SOCKET Of O, 20-P IN SLOW PROFILE 

RUHT 

AUTO-IMSERTED PARTS LIST FOR 2261980-2 
RES FIX FILM 20.08 OFM 18 125 WATT 
R46 

RES FIX FILM 26.7K OFM LE 225 WATT 

Ras 

WERESELEC,COND U/L STYLE 1213,24 AWG 





be! - 654863-005 


| 
| 


| SEE Tl- ORAWENG 
~SNTOLS244N 


001295-SN 74.3 240N 


0225 26-75660-007 














PART NUMBER 


LM2261980-0002 | 42 
VENDOR PART NUMBER 


Tl - 164002 


SEE V -I ORAWING 


core -NASS0-LOOPPM/C 
cor 


- NASS 


O90484-WTE 246A 














DRAFTSMAN DaTE | CKD DRAFTSMAN: DATE | DESIGN ENGINEER DATE | TITLE 
t 
| H | MEMORY CONTROLLER, 32KB W/ECC, 1LOKR 
APPO.-MEG. DATE | APPO. PROJECT ENGINEER DATE | RELEASED Date tT PROJECT NO H PART NUMBER | REY 
|LM2261980-0002 | an 
XQ Renee ! ee AR 





Change 1 


2250690-9701 


Drawings 


















































TEXAS INSTRUMENTS —aae 
c PORATE NUMBER | REV 
mn © ure peranseg —- LIST OF MATERIAL PAGE fof \LM2261980-0003 | 0 
|ANTITY 7 UNIT | eee —~ a ct ~~~ AE 
( ee ot ows PART NUMBER DESCRIPTION VENDOR PART NUMBER 
0002 nee Tee 2261 682-9901 LOSTC . MEWORY CONTROLLER, U/ECC. 990/12 ~ 
| 
esas aee ta 2261 993-9901 |test PROCEDURE »MEMORY CONTROLLER, 990/12 | 
eees ace Ea | 2261980-9901 SPECIFICATION REM CONT W/ECC, 1LORR | 
0e23 00067. 000 €a 0096 609-0002 |BCoSMTALS241NeL IE ORIVERS | O1295S—N74LS$251N 
ee2sa waz UAs 
| 
e027 00008 .000 ea 0996029-0001 | fC, SHTALS2730 OCTAL O-TYPE FLIP/FLOP tI! ~SNT4LS273N 
oozta Uos 
6e20 0000} .008 ea 2261985-0001 (FOL A, ADORESS DECODE.LGKR REMORY CONT 
{ 
eosea wal 
e032 0603. 000 eA OVSSSOT—GOOL | ICeSNT4S3 73 eGCTAL Dy FLIPFLOP | vy - 768373 
‘ 
eos2a UPS U6 ure | 
oes) e0ee.es0 | cA, 0996420-0001 [1C, SNTOLS373N | 901 295-SNTOLSITIN 
OO33A uct 
0036 eeece2. 008 ea 0996662-0801 [DELAY LINE. TAPPED 097722~EP-7111 | 
| eosea UK2 U3 
| @ese 20062.900 ea BBESLSS—4OLF | SOCHET DIP 1G—PINS LOM PROFILE | SEE Tf DRAWING 
| eenen RUG XUROS 
| 603s 60002.660 ea O9727S3-O012 | CAP FINED 220°F 25 WVDC 2.08 | uc -CS5002216 | 
| 
| COSSA Ce C9 | | 
i 1 i 
OVTZTST-OOLS | CAP FINED CER LE00PF SOMMOE 210% OOTILS-CACOZRTRIOIKIG 
DATE | DESIGN ENGINEER DATE | TITLE i 
MEMORY CONTROLLER, 6648 U/SECCISER | 
APPD-MEG. BATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO ] TE PART NUMBER Tey | 
| | | |\LM220i%60-s003 | xo 
Nook Bes Sh J 4 L = LAL 


















































Lge hth INSTRUMENTS LIST oF MATERIAL saree 
ee oasose0 PAGE 2 of LM2ze1980-0003 | 4a. 

(Re oa | & See | PART NUMBER DESCRIPTION VENDOR PART NUMBER 
OOSTA C110 
0059 00008.000 | EA 0972 763-0021 [CAP.cF I NED, AXEAL LEAD, .067 UF ¢#80%,~20% | 
Osea cse CLLL Chaz Cats | 
0063 @0001.000 | EA 0972924-0006 |CAP FIX TANT SOLID 39 MED 10% 10 VOLT QPL -"39003/1-2259 | 
0063A C119 
0064 00006.000 | €A 0800523-0001 [TRANSISTOR AST2907 PNP SILICON | Ti-  =AST2907 
06644 Q3 Q4 G5 06 Q7 08 | 
0065 00001000 | EA | 0972957-OCO1 |TRANSISTOR, 2NO3OA NPN LOW CUR AMP,TO-18| MOT - 2N930A ! 

| 006sa a2 | | 

| goes 00001.000 EA 0972969-0001 [TRANSISTOR 2N2605 LOW-LEVEL ,LOW-NOISE | TI -262605 | 
o06ea | 010 | oe 
0067 00002.000 | €A 0972955-0001 [KSTR 2NZ369A,NPN,HIGH SPEED SWeTO-18 | MOT - 2N?36% : 

| 006TA | j@i Qui : 

068 o0002.000 EA 0972057-0001 | TRANSISTOR-AST2222 NPN SILICON Tis | -as12222 

| 006sa | | |@ on2 
0070 g000z.000 ea 0972537-0001 DI0DEsLED $50-0103 50 MA 3 V DIA --550-0103 

| corea | cat crz . 

| 0071 | O0011.000 «EA | 0226609-0001 (DIODE. VISIMLE LIGHT EMITTING | 

- oorta | cr3 THRU CR13 3 

0072 : 0002-000 EA _____| 0972547-0008 _SWITCHe SLIDE-SPSToOIP 8 SUITCHES 

| | MERORY CONTROLLER. 64KB W/ECC 1 6KR 

TaPPD MFG DATE APPD PROJECT ENGINEER Date TELEaSED DATE | PROJECT NO a T “ PART NUMBER REV 

{ i i= LM2261980-0003 42. 





2250690-9701 Change 1 4-§ 


Drawings 


Jae TEXAS INSTRUMENTS 
i INCORPORATE O 








KE pate 98/01/80 LIST OF MATERIAL PAGE 3 of ao 
| ae io | aes PART NUMBER DESCRIPTION VENDOR PART NUMBER 
OOT2A co SERRE Se | 
0073 | 00002. 000 EA O9T2Z137-0005 (|COMNECTOR.PC SO PIN SET - 65483-0058 
OOT3A | | 3 Pe 
| ooTs 00001 .000 | EA 0945239-000!2 | GRACKET~STIFFENER, PUBS, I4IN 
007s 00001.000 eA 0944954-0001 (| TRSULATOR, PHB. L4IN 
aor 00006. 000 €a 0972684-0002 SCREW, THD FRAGQHEX WSHR ND,2—S6XR/4 LG 
oors 00002. 000 | ta 05338464-0001 (ESECTOR,» NYLON, NON-LOCKING, Pwe 
oorT9 60002. 000 22001 88-0010 |ore SOCKET »9-PINLOW PROFILE SEE Ti- DRAWING 
! 0080 00001.000 EA OF96069-0004 | [Co SNT4LS244N LINE DRIVER ~SNT4LS2446N 
OOB0A Ua3 
| 0083 00001.000 €Aa 0996 089-O00L | 1C cSNT4LS240Me LINE DRIVERS 00 1295~SN 7415 240N 
 0083A yas 
| 0084 00001.000 EA 0946693-0067 (ROM SLLL6K FCC DECODE, 990/10 
0084A WHT 
0087 00004. 000 | EA 0996 864-0001 | CONNECTOR, SOCKET PCB 022526-— 75060-0077 
OO8TA €9 THRU E12 
0086 00001 .000 Ea O972713-OO0L | PLUG, JUMPER, 1.Cee 0-300 INCH 
OO8BA ! J? | 
| 



























































E RELEASED DATE : PROJECT NO 
1 i 
| i 

i 


i ——L—~ 


sc TEXAS INSTRUMENTS 
e NT CREDA ES. ae wages. “eon PAGE @ of LM2zsise0-c0e3 | ae | 
(= | atti or Tone ; PARTNUMBER DESCRIPTION VENDOR PART NUMBER 
| aoe i o0001.000 EA 04112260002 | TERME WAaL STUD a a aes 
| ooona | ; | 71 
0092 | oo001.000 EA | | 0946 707-0001 (STIFFENER.PWB,11 INCH | 
| 9093 | 00001.000 | A | 09467080001 (INSULATOR, STIFFENER, PWBstt INCH 
| 0095 | 00001.000 EA | :9539468-0002 [OLGDE, INGOO2 LAMP 100PIV RECTIFIER | TE = tweoo2 
| oe9sa | | cris | 
| 0096 | oooo1.000 «EA | 2210188-0014 | SOCKET,» DIP, 20-PIN, LOW PROFILE SEE T -1 DRAWING 
| 00968 | | XUMT 
0098 | = 00001.000 | EA | | 2261980-S003  AUTO-INSERTED PARTS LIST FOR 2261980-3 | 
0099 | 00001.000 | EA | | 0539370-0510 [RES FIX FILM 200K ONN 1% 225 WATT COR  -NASSD~ LOOPP ATC 
. oeg9a | } | Ree 
| 0100 | 00001.000 | EA | 0539370-0525 [RES FIX FILM 28.7K OHM 1% 225 WATT COR = NASS 
| O100A | | ROS 
ool | 00002.800 FT | | 2210083-0003 |WIREFELECSCOND U/L STYLE 1213924 AWG 090464-WTF26A 
| 
| 
| se 
| | a 
P| | | | 
\ | ( | ' 
eae ori = MEMORY CONTROLLER: O4K8 MPECC AONE aia 
| 


| : 
|LM22619¢0-0003 | 
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Lae TExAS INSTRUMENTS 7 a oe 
; INCORPORATED ART NUMBER ey 
v ore @voisag ‘LIST OF MATERIAL PAGE Lf M2261980-0008 | x6 
(PRINT T QUANTITY TONIT i a LAL 
; wits ee H Se | ze PART NUMBER : DESCRIPTION | VENDOR PART NUMBER 
0002 REF ea 2261962-9901 ‘LOGIC, MEMORY CONTROLLER, W/ECC, 990/12 = 
! | | 
| 9003 REF EA 2261983-9901 [TEST PROCEDURE MEMORY CONTROLLER, 990/12 | 
' 9006 REF | EA | | 22619849901 SPECTFICATIONSMEM CONT W/ECC > 16KR 
| 
| 0028 | 00002.000 EA | 0996084-0002 IC eSNT&LS241NeL INE DRIVERS 01295S-NF4L S241N 
00258 | (uaz UAS 
0027 00008 .000 €Aa 0996029-0001 | 1CeSNT4LS273N OCTAL D~TYPE FLIPsFLOP Tl —SNT4LS2T3N 
00274 v63 
i 
0030 | 00001.000 €A 22619850001 [FPLASADORESS DECODES 16KR NEMORY CONT 
| @@30A jUAL 
i 1 
i @632 | 009003.000 eA 0996367-0001 | 1CoSN74S373 ,0CTAL De FLIPFLOP mi = $4 748373 | 
ii geaza | UPs UP6 UPA 
| | 
| 9033 00002.000 EA 0996420-0001 |1C, SM74LS379N 001295-SNT4LS373N 
i] 
| 00338 UCt 
0036 00002.000 Ef 0996462-0001 | pevay LINE, TAPPED 997722-€P-7111 
1 
| OO36a UK2 UK3 
0038 00002. 000 €A 2210188-0012 | SOCKET ,DEP,16-PINS LOW PROFILE SEE T -1 DRAWING 
OO38A XUKO2 XUKO3 
0055 00002. 000 EA 09727$3-0012 |CAPsFIXED 220PF 25 W¥DC 2.0% uc ~C5002216 
00554 C8 C% 
0057 60001.000 EA 09727570016 |CAPeFIXED CER LS00PF SOWRDC +108 OOTLIS-CACOZ2K FRI9IKIG 
DRAFTSMAN: DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE 
| MEMORY CONTROLLER, 96KB W/ECC, LOKR 
APPD -MFG DATE | APPD PROJECT ENGINEER DATE RELEASED DATE | PROJECT NO PART NUMBER RE’ 
ci |LM2261900-0006 ao 
| | | Rear, 
i ° 
Texas INSTRUMENTS ser senaeeak a ze 
INCORP RATED 
DATE @RSOL 780 or PAGE 2 of LM2 261 980-0004 @. 
ree settle or ows PART NUMBER DESCRIPTION VENDOR PART NUMBER 
OeSTA ce 
ses 00004.660 ea 0972769-0021 (CAP. FINED, AXEAL LEAD, .067 UF »¢808,~208 
00944 cse@ CLat Clt2 Cats 
e043 00081.000 | EA 0972924- 9606 (CaP FIX TANT SOLID 30 =MFD 10810 VOLT QPL = -"39003/1-2259 
OOS3A cae 
6084 oeeds. 060 €a O800S239~E0CL [TRANSISTOR AST2OCT PRP SILICON Tl-  _ - 4592907 
C8004 @3 4 Q5 a6 Q7 Q8 
anaes 00008. 600 EA C97 29ST—OOSE (TRANSISTOR, 2NV3OA HPN LGW CUR AMP, TO-16 | MOT - 2N930A 
BBG9A a2 
e006 00001.080 | EA 0972909-SC0t [TRANSISTOR 2N2605 LOW-LEVEL ,LOM-HOISE tt -2N2605 
95864 a10 
0067 00082.000 €a GB7Z9SS—OOOL = ASTA 2NZ3STANPNMIGH SPEED SW, TO-18 MOT — 2N2369A 
osera jee Qas 
eeee 00002.000 ea O972057-0001 | TRAMSISTOR-AST2222 NPN STL ICON | Ti- -asT2222 
0eesa qe a2 
eote 00002.000 €a 09725370061 /O10DELED 560-0103 SOMA 3 V DIA --550-0103 
osrea CAL CR2 
oer) 00011.000 ea 02266090001 (DINDE VISIBLE LIGHT EMITTING 
{ 
ootia CRd THRU CRI 
oor? 00802. 000 EA __| ©9792547-0006 (SWITCH, SLEDE-SPST. DIP 8 SWITCHES 
DRAFTSMAN: DATE | CKO. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE : 
MEMORY CONTROLLER »96KE W/ECC, 1OKR 
APPD -MFG. ‘DATE | APPD. PROJECT ENGINEER DATE | RELEASED DaTE } PROJECT NO ] PART NUMBER ; REV 
[LMzze1980-000s ae 
i AED 





2250690-9701 








Change 1 
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TEXAS INSTRUMENTS — 
oe ee ee parE 08708 780 LIST oF MATERIAL PAGE 3 of ‘LM2261980-0006 aD 
ae er ae PART NUMBER DESCRIPTION VENDOR PART canes ) 
uc? uses 
00002. 000 ca 0972137-000S (CONMECTOR,PC 50 PIN | BFI - 65483-0005 | 
Ps PS | 
00601.000 €a 0945239-O0001 [ORACKET-STIFFENER, PWB, 14IN | 
60001. 660 €a 0944954-0061 (FNSUL ATOR. PUB. I4IN | 
00006 .900 ta O972684-0002 (SCREWe THD FRAG HEX WSHR HD,2~-S6X1/4 LG 
00002.000 Ea 0533646-0001 [ESECTOR. HVLOM, NON-LOCKING, PB H 
00002. 000 22108 880-6020 (DIP SOCKET, 8-PIN LOW PROFILE SEE Ti= DRAWING 
00001.000 eA 0996089-0004 | 1C oSMT4LS 244M LINE ORT VER —SNT&LS244N 
uas 
00001 .000 iz) 0996 089-0008 (IC oSNT4LS240N LINE DREVERS 001295-SN74LS240N 
eoesa urs 
Geet 00001.000 €a 0946693-0067 | ROM #1,16K ECC DECODE,990/10 | 
OO64A WNT | 
oos7 00004.000 Ea 0996864~-0001 | CONNECTOR SOCKET PCB 022526— 75060-0007 | 
OGeTA €e Temu E12 | 
ooes 00002.000 EA O9TZ713-OOOL | PLUG: JUMPER, T.Cee 02300 INCH 
ooses | | | 49 410 
acae oaeal.oag | cA 2091 8R-017 | SOCKET, N19, 28-P IML OW PANE ILE SEE 1-1 nRawinc 
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Lanai 














DATE | APPD. PROJECT ENGINEER 




















DESIGN ENGINEER 


DATE | RELEASED. 









RUAI 





i 











DATE | TIME 


MEMORY CONTROLLER, 96KB8 W/ECCS1OKR 





DATE | PROJECT NO. 














LIST of MATERIAL 


PAGE & of 








_|LM2z61 900-0008 | #8 


T PART NUMBER TeV 

|LM2261980-0006 | #0 

| a, 
PART NUMBER wy 





DESCRIPTION 


i 
I 















VENDOR PART NUMBER 








| 00001. 000 TERMENAL, STUD | 
goon a ae TP. 
| 0092 | 00001.000 EA | —«—«0946 707-0001 |STIFFENERS PHB, LL INCH 
| 0093 | o0001.000 EA | 0946 700-0001 [INSULATOR »STIFEENER,PUBe LL INCH | 
| 0095 | o0001.000 | EA | 0539460-0002 (DIODE, 1NS002 LAMP 1O0RIV RECTIFIER = | TI ~ IN4002 
0095A | cris | | 
0096 | oooor.o00 | ca | | 2210188-0016 |SOCKET, 01%, 20-PIN,LOW PROFILE SEE T-1 DRAWING 
0096A | | xuuT 
0098 | oo00t.000 | EA 2261980-5004 |AUTO-INSERTED PARTS LIST FOR 2261980-4 | 
| 9099 | 00001.000 | eA 0539370-0510 [RES FIX FILM 20.0K OWN LE 225 WATT | con —WASS0-1000P4/¢ 
| OOR9A | nae | 
| 0100 | 00001.000 | EA | 0539370-0525 [RES FIX FILM 26.7% OM LZ 225 WATT | con - Nass | 
| 01008 | R45 
| ator | 00002.800 | FT | 2210083-0003 |WIREVELECSCOND U/L STYLE 1213.24 AWG 090884—WTE268 
| : | 
1 | 
I i 
Hl | H 
| | | 
DRAFTEWAN BATE CKO DRAFTSMAN Dae BEiGN GIES Date THE | 
one | — | MEMORY CONTROLLER, 96KB W/ECC, L6KR 





DATE i KPPD PROJECT ENGINEER 


DATE 


DATE | PROTECT NO | 
i 


j PART NUMBER REV 


| 
LM2261 900-0006 ” J 





Change 1 


2250690-9701 



















































i rs TEXAS INSTRUMENTS ‘s geht Ns 
A CORPORAT ‘ 
X ree IN co owe oasorseo LIST OF MATERIAL PAGE 1 of (LM2261980-0005 . £6 
aN on [uy | owe PART NUMBER | DESCRIPTION — VENDOR PART NUMBER 
NUMBER ASSEMBLY ISSUE, SIZE 4 Sek, 
0002 REF t €a 2261 982-9901 ‘LOGIC, MERORY CONTROLLER ,W/ECC, 990/12 
0003 REE | EA | | -2261983-9901 [TEST PROCEDURE, MEMORY CONTROLLER, 990/12 | 
0004 REF | €a | 2261984~9901 [SPECIFICATION, MEM CONT W/ECC ¢ LEKR 
| 0025 00002.000 | EA | 0996089-0002 10 eSNT4LS 24 INLINE DRIVERS | 01295S-NT4LS261N 
‘ | 
| 
OO25A | | i UA2 US 
| | 
6027 00001. 930 EA | 0996029-O00L [ICeSNT4LS273M OCTAL O-TYPE FLIP/FLOP TL ~SNT&LS273N 
| : 
| 027A bh a v03 
| 1 | 
; 0030 00001 .000 Ea | 22619650001 (FPL A, ADDRESS DECODE,16KR MEMORY CONT 
1 
0030 | ual 
0032 00003.000 EA 0996307~0001 [IC eSNTSS3T3OCTAL Dy FLEPFLOP i Tt -SNT4S373 
i ; 
0032A | UP3 UPS UPS 
0033 00001 .000 FA 0996420-0001 (EC, SNT4LS3TIN | 001295-SH7T4LS 373N 
: GO33A uci \ 
| 0035 00006.900 EA O972583-GE0!L | NETWORK »SN7S365 | Yi- -SN75365 
i] 
GO35A ULE UML UNE UL2 UM2 UN2 
e0%e 00002.900 EA 0996462-0001 | DELAY LINE, TAPPED | O9T722-EP—TLLIL 
| 90364 UK2 UK3 
i 
' 0038 00002.000 EA 2210188-O0L2 | SOCKET. DIP, 16—-PINS,LOW PROFILE SEE T -I DRAWING 
: 00388 | XUKO2 XUKO3 
0042 90003.000 EA 0972037-1220 |NETWORK,RES 22 OMM 23 LOPIN BELEMENT 073138-898-3-R 22 
| ORAFISMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE 
MEMORY CONTROLLER oWECC o S907 16KR,FL 
TRPPD-MFG. DATE | APPD. PROJECT ENGINEER Date | RELEASED DATE | PROJECT NO ae te T PART NUMBER | REV 
| \LM2261980-0005 | a0 







} 





eee 


APPD.-MFG. 








L 











eecet.coe «EA 
00004.000 «EA 
eosot.o00 | fA 
00006.000 EA 
| 
geocs.cog EA | 
00008.000 «EA 
| 4 
00003.000 | fa. 
| | 
00001.000 | €A 


oero  —00eez.ee0 EA 
DRAFTSMAN DATE | CKO DRAFTSMAN 





DATE 98/02/80 
PART NUMBER 


2972946-0009 


O9T2 757-0016 


0972 763~0021 


0972924-0008 


08065 23-6001 


O*720S7-0001 


0972049-0001 


097 2035-0008 


097 2057-0004 











LIST of MATERIAL pace Ge UNio361900-0008 a 
DESCRIPTION —- VENDOR PART Since 

US UND UNS 

RES FAK 220 OWNS © 229 w CARBON FILM | ROH - R-25 

ne | 

CAP SEIKED CER 1900PF SoWRDC +103 | QOTLES=CACO2x TRIGIKIG 
Chto 

CA ce ETKEDe ANTAL LEADS. O67 UF, +80T,~202 | 

cse Chal cat2 cn13 | 
\CAP FIX TANT SOLID 39 MED 10% 10 vOLT oPL — -"39003/1-2259 
jens | 

VRANSISYOR AST2907 PNP STL ICON | Ti- -aST290T 
Q3 04 05 G6 a7 O8 | | 
TRANSISTOR, 20930A NPN LOW CUR AMP,TO-18 NOT  - 2N930A : 
a2 | 
[TRANSISTOR 202605 LOW-LEVEL ,LOW-NOISE «6 TI = -2N2605 
lone 
'MSTR 2N2369A gMPN,HIGH SPEED Sw, TO-18 MOT —- 2N2369A 
(92 11 9 
| TRANSESTOR- AST 2222 WEN SILICON yi-  -ast2222 
jez 

OIA --$5$0-0103 











| MEMORY CONTROLLER, WFECT e 990/ LEKR FL 





+ 
DATE i &PPD. PROJECT ENGINEER 


O9725397-080) (SISSE,LED 550-9103 SO ma 3 f 
DATE | DESIGN ENGINEER Date | THE 
Dal 


TE | RELEASED 








$$} 
DATE ! PROJECT NO. 


oscae 





2250690-9701 


T 
|LMz261 





Change 1 


PART NUMBER 


#80-0005 | 40 
AES) 


REV 
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Drawings 
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Drawings 



















































KE a one oarorsao LIST OF MATERIAL PAGE 3 of [LM2261 980-0005 8. 
(Ce eT BET ews [pat NUMBER DESCRIPTION | VENDOR PART NUMBER) 
oaroa | | Tene ERT r aoe 
oori 000181.000 ea 0226609-O001 (OLODES VISIBLE LIGHT EMITTING 
| OOTLA CRE THRU CRT,CROCRIO | 
00718 CRi2 CR13 
6OT2 90002. 000 EA 0972547-0008 ([SWITCH, SLIDE-SPST,DIP & SWITCHES 
OO72A | | UCT? use 
aoTs 00002. 000 EA 22101540015 |HEADER,POLARE ZED AND LATCHING, 50 PINS 0007 T9-86476-7 
| QO73A Ps P46 
ooTs 00001 .000 EA 09452390001 | BRACKET<-STIFFENER, PHB, L4IN 
|; @675 | 980003.000 EA 0944954-0001 (INSULATOR, PB. L4IN 
| GO% ;, 00006.000 EA 0972604-0002 (SCREW, THO FAMG, HEX WSHR HD,2-S6X1/4 LG 
007s 00002.000 eA 0533844-0001 EJECTOR, NYLON, MON-LOCKING, PB 
| oorT9 00002.000 2210168-O010 (DIP SOCKET,O-PIN LOW PROFILE SEE TIi- DRAWING | 
o0eo 00001.000 eA 0996069~-0004 | IC oSNT4LS244N LINE DRIVER | -SNT4&L S244N 
00004 UA3 
0063 00001.000 Ea 09960869-0001 | {Ce SNT4LS240N,L INE ORT VERS 001295~ SN T4&LS240N 
OCO3A uR3 
oo 00001.000 EA 0946693-0067 (ROM #1,16K ECC DECODE,9960/710 
oes aT 
i 00004. 000 0996864-0001 | CONNECTOR SOCKET PCB 0225 26—- 75060- 007 
DRAFTER Cae OD OTN BATE] DESGN BNCINEER Baie | THe ee 
ME RORY CONTROLLER »W/ECC p 90/1 ORR SFL 
TS a 

















DATE | APPD PROJECT ENGINEER DATE | RELEASED DATE {| PROJECT NO PART NUMBER REY 
LM2261980-0065 | a0 












































eee ot gavorseo ‘LIST oF MATERIAL PAGE @ of LM2261960-0005 | a5 | 
Tee ont, Oi ae PART NUMBER | DESCRIPTION VENDOR PART NUMBER 
oceTa | | lee THRU E12 | | 
0089 oo001.0c0 | EA | 22LOLSE-OOLT |SOCKET, OUP, 20-PERSLOW PROF ELE | SEE T <2 DRAWING | 
ones | | xual | 
0091 | 00001. 000 Ea | 0411226-0002 | TERMINAL, STUO 
OOe1A | v1 | 
0092 90001 .000 | EA | 09467070001 |STIFFENER »PNO,LL INCH | | 
0093 00001. 000 | Ea | | 0946 708-0001 | TNSUL ATORSSTIFFENER, PUB, 11 INCH 
0093  00001.000 EA | 0539460- 8002 (DIODE, 144002 LAMP 1OOPIV RECTIFIER Tt = 1N@DO? 
0095a | cris 
| €0%% — 00001. 000 | EA | 22101880014 | SOCKET, DIP, 20-P IN, LOW PROFILE SEE 1 -1 DRAWING 
" g0e6a wUHT 
_ 0098 = 00001000 | eA 2261980-S005 | AUTO-INSERTED PARTS LIST FOR 2261980-5 
0099 — 00001.000 | EA 0539370-0510 |RES FIX FILM 20.0K OWN 18 225 WATT COR = -NASSD-LOGPPR/C 
| apes | Rob 
| 0160 | o0001.000 A 0539370-0525 {RES FIX FILM 26.7% OM 18 425 WATT | COR ~ NASS 
01004 | | Ras | 
0101 00002.800 FT | 2210083-0003 |WIREsELECsCOND U/L STYLE 1213926 AWG 090484-WTE24A 
0107 o0001.000 = EA 09729200373 (CAP FIX CERAMIC 47.0 PF 10 © 200 ¥ QPL - -939024/1C-137 
| OLOTA C133 
harm wae DRAFTSMAN aa DATE Tite Ln 
| | MEMORY CONTROLLER gWIECC 9 99O/ 1EKR SFL 
OA SAE AG FRORET NRE SAT | ESE SAT THGIET NG 7 T Far meee] nev 





| | LM2261 980-0005 Bi 


B 





4-14 Change 1 2250690-9701 


Drawings 


See TExAS INSTRUMENTS 
i NCORPORATED 


pate 68401780 





——- 
PART NUMBER | Rew 


LIST oF MATERIAL (LAte2etecocoses ae 
en 


PAGE 8 oof 































































































(iN Onn [Br [ews | part NUMBER DESCRIPTION | VENDOR PART NUMBER 
te NUMBER ASSEMBLY, ISSUE ~——- = i 1 
"9002 REF T €A | 2261982-9901 COGIC, MEMORY CONTROLLER, u/ ECC, $90712 
| | ! | 
, 0003 REF i EA 2261983-9901 |YesT PROCEDURE » MEMORY CONTROLLER» S90/12 
H ! i i 
' 9006 REE | €a 2261986-8901 (SPECIFICATION, MEM CONT W/ECC. LOKR | 
| 0625 00002.600 | EA 0994 009-0002 |1C_ SMP4LS261NeL INE DRIVERS | OLZ9SS-“NTALSI4UN 
t ‘ 
| 00258 lUA2 UAS : 
\ } } I 
0027 00001. 000 Ea | 0996029-C008 [I1CeSNTOLS273N OCTAL B-TYPE FLIP/FLOP vw" -SNT4LS273N 
CO2TA ud3 
| 0930 00001-9000 €a 226198S-0001 (FPLA,ADORESS DECODE,LGKR MERORY CONT 
i j 
| GO30A | ' f ual i 
i i | 
| 0032 00003. 060 EA O99630F-COOE (FC eSNT4S373,0CTAL Oe FLIPFLOP VI -SN 768373 | 
‘ 903za | UP UP6 UPS 
; 0033 00001. 000 €A 0996420-000% [Ce SNT4LS 373M 0601295-SNT4LS3TIN 
' OO33A uC 
0036 00062 .000 ta 0996462-0001 | DELAY LINE, TAPPED O9TTZ2—EP=-TLEL 
00368 UK2 URS 
9038 00002.900 €A 2210188-0012 (SOCKET. OI P.16-PINS,LOW PROFILE SEE T -f DRAWING 
00364 XUKO2 XUKO3 
0044 00001.000 Ea 0972946~0009 [Res FIX 220 OHM S & 225 W CARBON FILM ROH - R25 
| 
O044A Ras 
0057 00601.000 €a O9F27TST-OOL6 | CAP FEXED CER LEOOPF SOWRDC *10% OOTIIS-CACOZXTRI9IKIG 
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER Date | TITeE 
MERORY CONTROLLER, 32K8 eR SECC -O9O/REKR SFL 
“APPD “MFG DATE | APED PROJECT ENGINEER ones DATE | PROJECT NO | PART NUMBER REV 
{ | LM2261980-0006 | £5 | 
sii sot | LAE 
ae TEXAS INSTRUMENTS arden c en 
ir tNCORPORATED OF in { \ 
a DAE O6/01/80 " PAGE 2 of LM2241980-0006 | 20. | 
PRINT QUANTITY UNit 2 at T As 
{ite asta Fhe a PART NUMBER DESCRIPTION VENDOR PART NUMBER ; 
OSTA cilo 
| 
00S9 =| =©00004.000 EA | 0972763-0021 CAP e FIXED, AXIAL LEAD,.067 UF, ¢80%,-208 | 
| ! | | 
00594 | i\C$8 CULi Crzr2 Ci13 i \ 
H i : \ ; 
| 9063 00001.090 EA | 0972924-0006 CAP FIX TANT SOLID 39 WFD 10 2 10 vout QPL -439003/ 21-2259 | 
i 
00634 cits 
; 
9064 00006. 000 EA | 0800523-0001 [TRANSISTOR AST2907 PNP STLICON | Tl- ~AST2907 
064A 'Q3 4 Q5 Q6 Q7 QB 
| 00465 (| 00001.000 EA 0972957-0001 | TRANSISTOR, 2N930A NPN LOW CUR AMP,.TO-18) MOT - 2N930A 
! ! ' ! ' 
| O06SA | 'Q2 | | 
| i \ 
0066 {| 06033.000 €a 0972949- 0001 |TRANSE STOR 282605 LOW-LEVEL « L OW~ROISE Tf! ~2N2665 
 9066a | ‘no 
| 0067 | 00003.000 | EA 0972955-0001 (XSTR 2N2Z369A,NPN,HIGH SPEED SW,TO-18 | MOT - 2N2369A 
' i | 
067A | ‘QL Qai O98 
{ | : i 
; 0068 | 90001.000 EA 097205 7-0001 | TRANS TSTOR-AST2222 NPN STLICON TI- ~AST2222 
| } . 
| esa | iqu2 
0070 | 900002.000 ca 0972537-0901 DIODE »LED 550-0103 S50 MA 3 ; OFA --550-0103 
1 | H { 
| 00704 ; | ‘CRS CRIL | 
1 
ooTt 00012.000 | EA 02266090001 (DITODE -VISI@LE LIGHT EMITTING 
} i | 
; OOTLA | | 'CRT THRU CRT7,CR9,CRI1O 
| 
| oom | | ;CRL2 CRIB i 
TORAFTSMAN DATE T CED DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE 
MEMORY CONTROLLER, I2KBeW/ECCe S90/16KR, FL 
no Date 7 RELEASEO Bate T PROIECT NO | j PaRT NUMBER Bag 
‘LMM2261980-0006 a5 
i__ ae Roe A mS 
2250690-9701 Change 1 


4-15 


Drawings 
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eV T 
J oy EER SONS ORAM E DTS oevorseo LST OF MATERIAL eget (Mb seisee_ eee ‘ 
Te ‘a ee | cores | tee PART NUMBER ie - DESCRIPTION ; a VENDOR PART NUMBER ; 
oor2 00002.000 EA 0972547-0008 (SWITCH, SLIGE-SPST,OLP 8 SWITCHES i 
OO72A UCT URS | ! 
0073 00002.000 €Aa 2210154-0015 (HEADER -POLAREZED AND LATCHING,. 50 PINS 000779-86476-7 
OOT3A 3 PS ! 
oor 00001 ..000 EA 0945239-0001 | BRACKET-STIFFENER, PHB, 14IN 
ooTs 00001. 000 €a 0944954-0001 (INSULATOR, PHO, I41N 
0076 00006. 000 EA 0972684-0002 (SCREW, THO FRMG, HEX WSHR HD, 2-S6X1/4% LG 
0078 00002. 000 €A 0533844-O0001 (EJECTOR: NYLON, MON-LOCKING, Pw8 
0079 00002.000 2210166-0010 (OTP SOCKET, O-PINeL OW PROFILE SEE TI- DRAWING ; 
0080 00001. 000 EA 0996089-0004 | ICoSNT4LS244N LINE ORIVER ~SNTOLS244N 
| 0080A UA 
0083 00001.000 ea 0996089-0001 | [CeoSNT4LS240N,LINE ORT VERS 001295-SN74LS2460N | 
00634 UR3 | 
0064 00001.000 EA 0946693-0067 (ROM #1,16K ECC DECODE 990/10 
OO84A UMT 
0087 00004. 000 eA 0996 064-0001 | CONNECTOR SOCKET PCB 0225 26- 75660-0607 
OOSTA €9 Teru F12 
0088 00001 .000 EA O9TZ713—OOOL | PLUG, JUMPER, 1.€., 0.300 INCH | 
O088A d10 
00s? 00001.900 2210188-O017 | SOCKET DIP, 28-PIN,LOW PROFILE SEE T -f DRAWING 
DiAFTEMAN CATE | CD ORAFTENAN DATE THe 




























APPD. PROJECT ENGINEER 








DaTE 98701780 











LIST of MATERIAL 


PAGE 4 of 





MEMORY CONTROLLER ¢ 32KBoN/ECC s99O/IGER FL 




















PART NUMBER { REV \ 
LM2z261900-0008 | a0 
LAE. 














oe iia er. | RS | PART NUMBER DESCRIPTION VENDOR PART NUMBER 
| Seeea | wual : 
| @omn | ocaopi.eso | en | 08112260002 [TERMINAL STUD | 
eons 98 
I { i 
Oona oe0eci.eeo EA 0946 76T-O008 [STIFFENER CPUS. LL THEM | 
| oows 90008.600 | €A | Q9S67E8-COCL [ENSUL ATOR, STIFFENER,PUB.IE INCH 
oats 00001.800 €a 0539460-0002 [DIDDE, 1N4002 LAMP 100PTY RECTIFIER tT! — 1N4002 | 
G05A | cas | 
0006 09001.000 ea 2210208-0014 (SOCKET ,O1P,20-PIN,LOW PROFILE SEE T -f ORAWING 
aeeea RUNT | 
oese 0000¢.000 cA 2261980-5006 [AUTO-ENSERTED PARTS LIST FOR 2261980—6 
ooes 00002 900 €a 0539370-0510 [RES FIX FILM 20.0 OMM 1% .25 WATT ; COR -NAS50-LOOPPR/C 
oenea | Rae 
1008 o00e1.000 | «EA 0539370-0525 |RES FIX FILM 28.7K GH 12 225 WATT | COR ~ NASS 
02004 R45 
oles o0002.000 FT 2210083-0003 |WERE,ELECSCOND U/L STYLE 1213.24 AWG | 090484-WTE24A 
ono? eoo0e.000 EA 09729206373 [CAP FIN CERAMIC 47.0 PF 10 % 200 V | WL = N39014/1C-137 
167A | 'c133 
| 
| i 
| | 
} { j i 
| | | 
[DeaFisMan DATE | CKD DRAFTSMAN DATE [ DESIGN ENGINEER DATE | Title — | 
MEMORY CONTROLLER: S2KBW/ECC eS9O/IGKRS FL 
aa “MEG BATE T APD PROTECT ENGINEER Dare RELEASED DATE , PROJECT NO H T PART NUMBER i REY 
L 'LM226198@-0086 a0 | 
i ! 4 LAE) 





Change 1 


2250690-9701 


Drawings 





































































































oa , 1 f PART NUMBER 7 eey 
e oa arosseg — LIST OF MATERIAL PAGEL of LM2261980-0007 a5 
; . —. es — = 
a a aa a: ee PART NUMBER | DESCRIPTION VENDOR PART NUMBER 
NuMbeR | ASSEMBLY. ee ee ad = 
| Ree , cA | 2261982-9901 LOGIC. KESORY CONTROLLER W/ECC . 990/12 
j ; i ‘ i 
| G@O3 ree i €A 2261 983-9908 (TEST PROCEDURE, MEMORY COMTROLLER 990/12 | : 
eooe oer | €a | 22619049901 | SPECTEICATION, MEM CONT WECCSLOER | 
| i | 
6025 00002.000 EA | C99S6OSS-0002 ITC eSMTSLS24IN,LINE DRIVERS | O12955-N74LS241N 
0025 | Va? UAS 
i t 
0027 66001. 000 | €a 9996029-0001 |BCe SRTOL S27 90 OCTAL B-TYPE FLIP/SFLOP ‘Tt ~SN 74S 273N 
o02TAa |uos 
0030 00061. 000 €a 22619850001 (FPLA, ADORESS DECONE.26KR MERORY CONT 
00304 ual 
0032 30003. 060 €a O99E3OT~OOGE (IC eSNTSS373,0CTAL Dy FLIPFLOP TY! ~SNT4S373 
@O32A UPS UPS UPS 
2023 00081.900 | EA | 0996420-0001 [1C. SNT4LS373N | OOL29S-SNTALS373N 
e033a uel 
0036 06002 .000 ca 0996442-0061: | OELAY LINE. TAPPED O97T722—F9—TLLE 
o0sea UK2 UK3 
H Hl 
| 8636 00062.000 ca 22102 88-OOL2 | SOCKET, DEP, 1G-PINS, LOW PROFILE | SEE T -T ORAWING 
0038 XUKO2 XUKO3 
' 004 00001.000 | EA | 097 2946-0069 [RES FIX 220 OHM 5S 3.25 w CARBON FILM | ROM - R~25 
H | : : 
00444 nee 
: 90S? 00001.000 €A O9T27S7-0016 | CAP FIXED CER L300PF SOWRDC +102 | OOTELS=CACO2xK7RI9IKIG 
DRAFTSMAN DATE | CKD DRAFTSMAN Date | TiTle Se = Oh ee OE PE eee 
i MEMORY CONTROLLER -64KBQW/ECC »S9O/IGKROFL 
TAPRO MES. DATE | APPO. PROJECT ENGINEER BARE | MRORCL NO | PART NUMBER Te 
| | |LM2261980-0007 | 5 
es —_—___1_ i i bdvee 
“ Texas INSTRUMENTS ie AAA aT 
INC PORATED * fs nee 
DATE 08701780 ~ PAGE 2 ot |LM2261980-0007 a 
(Tee pa "ee [enc | pART NUMBER DESCRIPTION | VENDOR PART NUMBER 
OGSTA cro | 
0059 00004.006 _ EA O972763-0021 |CAPceFIKED AXIAL LEADS O47 UF, +608 ,—208 | 
GOS59A c58 Ci1l €212 Ci13 
0063 00001.000 EA 097 2924-0006 (CAP FIX TANT SOLID 39 FD 10 2 40 voLT apt -439003/ 11-2259 | 
063A clio i 
00e 00006. 900 Ea 0800523-0001 |TRANSISTOR AST2907 PNP SILICON Tt- ~AST2907 
00644 | Q3 04 QS G6 Q7 a8 
0065 Q0001 .000 EA 09729S57-G001 | TRANSISTOR, 2NG3IOA NPN LOW CUR AMP,TO-18 ) MOT ~ 2N930A 
O065A | 02 
0066 00001.000 ea 04729490001 |TRANSISTOR 2N2605 LOW-LEVEL sLGU-NOISE TE ~2N 2605 
0066A ais | 
| O06? 00003..900 eA 097 2955-0001 (XSTR 2NZ2369ANPN,HIGH SPEED SW, 10-18 { WOT ~ 2N236% 
GOOTA Qi Qi: OS 
| 0068 00001.000 | EA 0972057-0001 | TRANSTSTOR-AST2222 NPN SILICON Tt- ~-A5T2222 
4 { 
| O068A | Q12 
| | 
0070 | 00002.000  €EA 0972530001 (BDINDE.-LED 540-0103 50 MA 3 NV OFA —-$50-0103 
1 ' ! \ 
| QOT0A : ‘crs CRAL 
| 
oo7l | 00011.000 EA | 0226609-0001 i DIODE eVISTBLE LIGHT EMITTING 
c i 
OOTLA | ‘CRE THRU CRTSCR9VCREO 
; { ! 
|_ 00716 | ee ee | 'cR22 CR13 
[DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER Dare TITLE —— 
| MEMORY CONTROLLER s64KBoN/ECC p S9O/LGKR GEL 
| APPD-MEG DATE " APPD PROJECT ENGINEER Date | RELEASED GATE PROJECT NO ca 7 PART NUMBER REV 
i ‘LM2zet9ee-0007 a0 
sae eal pilails AE 





2250690-9701 Change 1 4-17 


Drawings 


























































ti Date OB 701 7606 LIST OF MATERIAL PAGE 3 of LM2261980-0007 a 
(_ ee _| wetine ‘or | OMG PART NUMBER DESCRIPTION | VERGO PAT ese 
eer2 60002.000 | €4 | | O972547-0008 |SWITCH, SLTOE-SPST,O1P & SWITCHES 
eeoTza uc? vee 
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e006 00001 600 €a 099O069-00064 | IC, SMT S244N LINE ORT VER -SNT4LS2464N 
OSO0A UA3 
0e63 60001.060 €a 0996 069-0001 | 8C e SHIALSZ4ON, LINE ORE VERS 001295-SN74L$ 240N 
063A urs 
6oas @0001.000 €A 0966693-O06T | ROM 61,16K ECC DECODE, 990/10 
ooe4a UnNT 
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| gosoa vA 
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0095 = =60001.000 EA 0539468-0002 DIDDE,INS002 LAMP LOOPIV RECTIFIER Tf - 1N&002 
i 00954 | | ions | 
| 0096 = = 00001.000 | EA 27101880014 SOCKET »DIPs20-PEMsLOW PROFILE SEE T -1 DRAWING 
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009k | | ase | 
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| oo2a | | uss 
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| oees 00001.000 | £A 0972946-0053 RES FIX 390 OH ST 425 WOCARBON FILM | ROH - 8-25 
eeesa Rae 
| eoes | cgccr.eeo | ea OOTz94G-0081 RES FIX G80 OHM ST .25 W CARBON FILM | ROH - #-25 
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( ee ae | gh Loe PART NUMBER DESCRIPTION 4 VENDOR PART NUMBER = 

(cect | G0001.000 | EA | 22619810001 |PWO,MEMORY CONTROLLER, W/ECC, 990/12 | 
0005 -90001.000 | eA | 0219602-7400 |NETWORK SN74S00N 
00054 | | /uxt | 
0006 00002.000 | €A 0972900-7400 |NWETWORK SNT4LSOON | Tf  -SNT&LSOON 
0006A UG2 UPS 
ece? neooi.eno | es 0972900-7402 |NETWORK.SNT4LSO2N 
OO0TA ues | | 
o008 00001.000 | EA 0219402-7403 [NETWORK SNT46SO3N 
OOOBA UHS | 
0009 00001.000 | €A 0219402-7404 [NETWORK SNT4S04N | 
| 90098 UH3 | 
0010 00002.000 | EA 0972900-7404 [NETWORK SNT74LSO4N 
00104 Us3 UF2 | 
oo1l 90001.000 | EA 0972749-0001 |NETWORK, SNT4LSOBN 
OOLLA uc4 | | 
0012 00001.000 | €A 0972900-7410 [NETWORK SNT4LS10N 
OO12A vos 
G013 cocot.oce | cA 0219402-7430 |NETWORK SN76S30N | 
00134 usT | 
0014 | 00002.000 | fa_| | 0996136-0001 lia ent KER TI —SN741LS257N 4 
AUTO-INSERTED PARTS LIST FOR 2261980-2 
iS GATE | APRO PROIECT ENGINEER DATE | RELEASED DATE | PROHCT NO 7 | Pani Nomiee [Rev 
‘< lee. - “ale | | {LM 226 1980-5002 | ee 
{4eq Texas INSTRUMENTS — = 
EY PNG ORPORATEP. “ext oasorseo ‘UST oF MATERIAL PAGE 2 of LM2251980-5002 | #8 
(— eM te othe = aS [PART NUMBER DESCRIPTION |___ VENDOR PART NUMBER : 
O014A UPF UES 
0015 00002.000 | EA | 0972900-7432 [NETWORK SN74LS32N | TE  =SWT4LS32N 
0015A UGS UH 
0016 00001.000 | EA 0972900- 7451 [NETWORK SNT4LSSIN TE  -SNT&LSSIN 
O016A uG3 
OO1T 00002.000 | EA 0972990-7454 [NETWORK SNTOLSS4N | TE  -SNT&LS54N | 
OO17A ' UME UDt | 
0018 00005.000 EA 0219402-747% |NETWORK SNT4S74N 
OOLBA | UL UJ2 URS UH2 Use | 
0019 00008.000 | EA 0972900-7474 [NETWORK SNT4LS74N 
| OOL9A ™ UFL UF4 UGS UE3 
| 0@20 00004.000 | EA 0219402~1486 |NETWORK SNT74S86N | 
00204 | [UES UFT UF UF6 
0021 oooo1.000 | EA 0972 782-0001 | NETWORK SNT4LS132N | TL ~SNT4LS132N 
OO2LA | | Us5 | | 
. 0022 00002. 000 | eA | 02294027138 [NETWORK $N74S138N 
0022A | | | UGB UGT 
0023 | 00002.000 | EA | 0996305-0001 | [Ce SN74S16% UP/DOWN COUNTER, 4 BIT | 001295-SNT6S169 
00234 | | ude UC3 | 
0028 90001000 ae EAL i 0972900-TLTS_|NETWORK SNTALSL7SN_ | : 
| | MITOSINSERTED PARTS LIST FOR 2261980-2 
TS HS DATE T APES PRORCT ENGREER — aie eS oa FROHECTNO ee Tat Nomi) 
in a | _LM2261980-s002 | 0 
2250690-9701 Change 1 
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Drawings 





















































age Tene INSTRUMENTS LIST oF MATERIAL = a 
DATE 98/01/00 PAGE 3 of LMe2261900e-S002 | 20 | 
Toe ae | ne ee PARTNUMBER ___ DESCRIPTION VENDOR PART NUMBER 
00244 ues i 
807s 00002.900 ea 09961346-0002 (1CoSNT4LS25EN,0ATA SELECTORS/MULTIPLEXER TI ~SNT4LS256N 
CO26A uma uss 
ooze | 60006. 000 ea 0249402~7280 [NETWORK SNT4S280N vv! -SN74$260N 
00264 UK6 UKT UKS UKS Us6 UIE | 
oer 06002. 660 €a 0972652~0008 (NETWORK SNT4LS703N 
06294 UBé uUCcé 
003% 00018.000 ca O9TZTET~0004 [METWORK SN744.S368N | 
O@32A URL UR2 UP2 URE URT UME UPT | 
oesie URE URE UC2 UBS UAT URS URS 
eerie ; UET UPS UB3 UB2 | 
oem 00001. 000 €a 09766 74-0001 (NETWORK SNTS1L36N | 
OOD0A us? 
6035 00006. 000 €a 0972563-0001 (NETWORK .SNTS365 Ti- -SNT75365 
OOsTA ULL UL2 UME URZ2 UNL UN2 
0037 00022 .000 €a 0996660-0001 (Ce 16K RAM, (SEL) 001295-THS4116/ZA0727 
OO3TA UNG THRU UN2S 
| oe 00002. 000 EA 09961 38-0001 eciaienssean 2-INPUT EXCLUSIVE-NOR GATE TI — SM TAL S266N | 
sa as ! 
O972037%-2680 ([METHORK,RES 680 OHM 23 L6PIN SELEMENT 073136-698-3-R680 
GATE | OBSIGN exceNerE Gate | THE 





AUTO-INSERTED PARTS LIST FOR 2261980-2 


PART NUMBER REY 
P| LM2261980-s002 | ao 


















































<\ TEXAS INSTRUMENTS 
© INEGROR ATES oe garetseg UST OF MATERIAL Nciet:  “Vimesieela 
te PART NUMBER ! DESCRIPTION ! VENDOR PART NUMBER 
| OREO | | UOT 
| ooas 06001.000 «EA 0800118-0004 [RESISTOR 220 OHMS DIL PULL UP 16 PINS | BEC -8981R220 
| o04ia | | | ‘ee 
| e0s2 | 00003.000 | O972037-1220 |NETWORKeRES 22 OWN 2% LOPIN BELEMENT 0731 38-896-3-822 
oes ies uss UNS | 
0043 00001. 000 | €a | 0972946-0061 (RES FIX 100 OHM 5% 225 W CARBON FILM | ROM - R-25 . 
Oea3A | | ing 
0044 o000s.080 EA 0972946-0069 [RES FIX 220 OHMS T .25 W CARBON FILM | ROH = —R-25 
0044 | RL AZ R29 R30 ABE ! 
004s 90001.000 | EA 0972946-0053 RES FIX 330 OHMS & 225 WCARBON FILM | ROM - R-25 
| eoesa in2z 
| e0se ooce1.000 | eA 0972946-0061 |RES FIK 680 OWM 5 & 425 W CARBON FILM | ROH - R-25 
| 006A | R21 
! 0067 e0008.000 | EA 0972946-0085 [RES FIX 1.0% OM ST 225 W CARBON FILM | ROH - R-25 
| O007A | R1O RIG AZO AZZ R24 RIS AZT 
00478 | axe 
0048 | 00004.000 | €a | 097 2946-0089 |RES FIX 10K OHM 5% 225 W CARBON FILA =| ROH - 8-25 
ooeea | [R32 R33 R36 RIS 
ooes 00001. 000 | EA 0972946-0095 [RES FIX 16K OHM 5% 225 W CARBON FILM | ROH - R-25 
eae Date trap inti fae ech ie DATE T TTe 
AUTO-ENSERTED PARTS LIST FOR 2261980-2 
TAPS oa [ae PROTECT ENGINEER “sae RSD GATE | ROWE? NO Patt NUMER tv 


T T 
LM2261980-5002 
Ls i i 


i 


aD 
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Tos: TEXAS INSTRUMENTS re 
Y INCORPORATED ART NUMI T Vv 
HE ot gevoryao “IST OF MATERIAL PAGE § of (LM2261980-s002 |e 
{RINT TT QUANTITY T UNIT Tow | T m T 8s S 
wie | seta y i iene | size | PART NUMBER i DESCRIPTION | VENDOR PART NUMBER 
0050 | 00001.000 , EA | | 0972946-0105 RES FIX 47 K OHM 5 © .25 W CARBON FILW ROW — R-25 1 
| i | | 
050A | ‘R26 | 
! } | | | 
0051 09001.000 | Ea | 0972946-O121 [RES FIX 220K OHM 5 % 225 W CARBON FILM ROH - P-25 
{ | | i 4 
_ OOS1A | | |R39 
| { t ‘ 
0052 | 00002.000 | EA | 0972946-0003 |RES FIX 15K OHM 5% 425 W CARBON FILM = ROH - R-25 
: } | - fe 
| GOSZA | R27. R28 
| 0053 00001.000 | £A 0539370-0385 /RES FIX FILM 1.00K OMM 1Z 225 WATT COR = NASS 
| 9053 RLY 
H i ! \ \ 
0054 00001.000 | E£A 0539370-0404 [RES FIX FILM 1.58K OHM 1 425 WATT | cOR — NASS 
| 0054 | R12 | 
| 1 
|| 9056 | 00001.000 EA 0972757-0025 |CAP FIX CER .O1MF LOZ SOV 
| i 
00564 C95 
| 9058 00012.000 | EA 0972763-0009 [CAP,FIXED .0047MF 50 VOLTS 004222-MC 1056 4722 
| | | 
00584 C7 CTS C80 CAL C82 Cad CAS 
005668 C94 C97 C108 C109 C22! 
i 
| 9059 00087.000 | £A 0972763-0021 |CAPsyFIKED, AXTAL LEAD, 057 UFy4#80%,~202 | 
i 
00594 | CL THRU C19 C21 C23 C25 C27 
00598 C29 C3 C33 C35 C37 £39 C4 
0059C C43 C45 C47 C49 CSL C53 C55 : 
90s9D cS C57 C59 THRU C73 C76 
DRAFTSMAN DATE | CKD. DRAFTSMAN DATE DESIGN ENGINEER DATE | TITLE 
AUTO-INSERTED PARTS LIST FOR 2261980-2 
APPD -MFG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO | | PART NUMBER | REV 
5 
| | |LM2261 80-5092 we. 















































sed 


ioe 


oe osvonseg — LIST OF MATERIAL PAGE & of LM2261980-se02 | #5 
(ee, | ent | ns PART NUMBER DESCRIPTION | __vENbox pant NuM@eR = 
00see TRU CTO Cas COT THRU C90 
oeser C82 C93 COR Teemu C103 C106 | 
0639s CLOT CLs TemU C117 C120 | 
eesen Cl22 THRU C125 C127 C128 | 
0ese1 129 €130 C132 | 
esse 00026.000 | EA 0972924-0014 [CAP FIX TANT SOLID 15 MED 10 % 20 vout apt -"3900371-2289 
ousoa | C20 C22 C24 C2 C28 C30 C32 
esos | C3¢ C36 C38 C40 C42 COS C46 
eesec C48 C50 C52 C56 COL C104 
esi -00001.000 | EA | 0222222-7470 [NETWORK SNT4T7ON =SN7470N 
Oost A urs | 
| ose 00801.000 | EA G800118-0008 (RESTSTOR 1.OKOHMS DIL PULL UP 16 PINS | BEC - 8981R1.0K 
| geera | | we | 
0063 | 00003000 EA 0972924-0006 [CAP FIX TANT SOLID 39 MFO 10 & 10 vout QPL -439003/1-2259 
eoesa | (chos cate cisz 
0069 | oo0g1.e00 ea | 0972932-0001 |O100€ 1N9148 "SEE TI- DRAWING 
oceea | cris ; | 
ooe1 | 00001.080 | EA 0906508-0001 (10, 74L5393N DUAL BINARY COUNTER | 001295-7445399N 
eoela | | ver ! 
ceez = 0801. 080 ea 0222222-7408 | NETWORK<SN7406N a 
TDRAFISMaAN DATE | CKD DeAFTSMAN DATE | DESIGN ENGINGER Date | Tine 4 
| AUTOENSERTEO PARTS LIST FOR 2261980-2 
SS BATE | PS PRORCT ENGNERT Bare | RELEASED DATE | RORET NO T aaron 
[LM2262980-S002 | 20° 
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: t as PART NUMBER Tee 
" oe oavonseg ‘LIST OF MATERIAL PAGE T of _[LM2261980-s002 ba 
tem oun vor | ows PART NUMBER DESCRIPTION VENDOR PART NUMBER ; 
NUMBER MBLY ISSUE Sze 1 + | 
O082Aa UGI H 
| 0086 00011.000 fA 097 2946-0068 [RES FIX 4.7K OFM 5 2.25 W CARBON FILM © ROW ~ &-25 | 
| oesa R13 THRU REG REO ROL R42 | 
| 00ese R43 RAG 
! i i 
| 00a 00006. 000 Ea 097 2946-0025 [RES FIX 22.0 OHM 5S @ 225 W.CARBON FILM | ROH - R=? i 
| QOS6A R3 RE RS RE RT RE | : 
0090 00001.000 EA 0972 757-0021 |CAPe FIX, CERAMIC, 4TOOPF., SOV 10% 
00904 C126 ! 
| 00% 00001.000 fA 0996780-0001 [IC eSNT4LS33N QUAD POSITIVE-NOR BUFFER 001295—-SN74L 5 33N 
i 
O0S4A Uae 
| 0097 00002.000 €A 0219402-7258 [NETWORK SN74S258N 
i 
| 097A UEL UE2 
i 
t 
i 
| 
1 ' | 
{ 
: ! 
[DRAFTSMAN DATE | CxO DRAFTEMAN eS aH Bate | TITLE 
: \ AUTO-INSERTED PARTS LIST FOR 2261980-2 | 
TARR MFG. BATE | APPO. PROJECT ENGINEER oe | DATE | PROTECT NO. i T PaRT NUMBER ww 
‘| | LMz261980-so02 #0 
Mtoe Sate, oo ee nn, fe Ae pi oe ie 
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ria TEXAS INSTRUMENTS ie ease Ste 
EY’ INE ORPFORATEO oe cevoises —_-LIST OF MATERIAL PAGE Bo of [LMe21900-se0 evs 
(a oT Tone T part NUMBER DESCRIPTION VENDOR PART NUMBER) 
006: | 00001.000 | €A | | 2261961-0001 PWS, MEMORY CONTROLLER, W/ECC, 990/12 
005 00001.000 | EA 0219402-7400 |NETWORK SN74S6ON 
| 00058 | UK1 
9008 | 00002.000 EA | 0972900-7400 [NETWORK SN74LSOON Tl = SNTAL SOON | 
00064 UG2 UPS | 
3067 GOGSI-GGS | EA ce72200-7402 |NETHORE .SMPEL SO2m | 
OOOTA UES | 
0008 00001.000 | EA 0219402-7403 [NETWORK SNT4SO3N | 
9008A UHS | 
0009 oo001.000 «EA 0219402-7404 [NETWORK SN74S04N | 
OO09A UH3 
| 0010 00002.000 | EA 0972900- 7404 |NETWORK SNT4LSO4N 
00104 Us3 UF2 
i oon 00001.000 | EA 0972749-0001 | NETWORK, SNT4LSO8N | 
| OOL1A uc4s 
0012 00001.000 | €A 0972900-7410 ines SNTOLSLON 
OOL2A uDs 
9083 ecocr.oo0 | E& 0219402~7630 erie SNT4S30N 
O013A ust 
o01e | 00002.000 | EA 0996136-0001 | 1CeSNT4LS257NDATA SELECTORS/MULTIPLEXER TI = -SNT4LS757N 
DeAFTSNEN DATE CED. DeATEMAN Sai | Dest aiceeet Sate] TH 
AUTO-INSERTED PARTS LIST FOR 2261980-3 
PR ey eee as a oa a 1LM2261980-003 | = 
eee cee oe ee es are es [vere | AED 
3: TEXAS INSTRUMENTS 
ig PMO OR EO ATER ene oaroiven. ot OF MATERIAL PAGE 2 of LM2261900-s003 ac: 
on sath ca PART NUMBER = DESCRIPTION | VENDOR PART NUMBER : 
0015 00002.000 | EA 0972900-7432 |NETWORK SNT4LS32N TE «= =SMT4LS32N 
OOLSA UG6 UHS | 
0016 0001.000 | EA | 0972900-7451 [NETWORK SN74LSSIN Tl —- -SNT4LS51N 
00164 UG3 
0017 00002.000 | ea 0972900~7454 [NETWORK SNT4LS54N | TY = =SNTALSS6N 
| OO17A | jut vor 
| go1s | 00005.000 Ea 0219402-T474 |NETWORK SNT4ST4N 
018A | just us2 URS UH? Use 
| 0019 00005.000 | EA 0972900-7474 [NETWORK SNT4LSTON 
001% | UG4 UF UFS UGS UE3 
0020 | 00004.000 | eA | | O219402-7486 [NETWORK SN74S86N 
' 90204 | 'UE® UFT UFS UF6 
» o02t 00001.000 | EA  9972782-0001 NETWORK SNT4LS132N Tl  «-=SNTOLS132N 
| goats | | | luss 
0022 99002.000 EA | 0219402-7138 [NETWORK SNT74S138N 
| 00224 | | | ‘ues UG? | 
| 0023 | 00002.000 | €A | 0996305-0001 1c .SNT4S169 UP/DOWN COUNTER ,4 BIT | 001295-SN 745169 
| 00234 | -_ |U6 UC3 
0026 _00001.000 ._ EA | | O972900-T175 [NETWORK SH740$175N 
DRAFTSMAN DATE” CKO DRAFTSMAN DATE | DESIGN ENGINEER ate | Tite —— 
— ———— — oe ee 
: - ; eee [LMz261990-s003 aie 
2250690-9701 Change 1 
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Drawings 








foe TEXAS INSTRUMENTS ee eet 

j t'NCORPORATEOD Nees . 

“f pate 06/01/80 LIST OF MATERIAL PAGE 3 of LM22619¢0-5003 | -ae 
FET QUANTITY T_uNT Tow An 
STEM ! OF PART NUMBER DESCRIPTION VENDOR PART NUMBER 


NUMBER ASSEMBLY j__ ISSUE SIZE 


OO24A | VES i 








| 0026 oo002.0e0 | EA 0996136-0002 |ICeSNT¢LS2S58NQDATA SELECTORS/MULTTPLEXER TE -SN74LS258N 

| o0z6a | fame |UNe Uso | 

| 0028 00006.000 | EA | 0219402-7280 |NETWORK SNT4S280N | TI  =SW74S280N 
0026A |UK6 UK? URE UK9 UJ6 UJS8 
0029 | 00002.000 | EA 0972652-0001 [NETWORK SNT4LS203N 
00294 | UB6 UC 

| 903t | 00018.000 | EA 0972 787-0006 |NETWORK SNT4LS360N 

usta | URL UR2 UPZ URE URT UHS UPT | 

| 00318 | ; UR® URS UC2 US4 UAT URS URS 

| 0031C | | VE? UPS UB3 UB2 

| 9034 o0001.000 «EA 0974674-0001 |NETWORK SN7SL38N 

 9034a | us? 
0035 00006..000 | EA 0972583-0001 | NETWORK, SNTS365 TI-  -SN75365 
0035 ULL UL2 UML UM2 UNL UN2 
0037 00044.000 | EA | | 0996680-0001 |1C. 16K RAM, (SEL? 001295-TMS4116/240727 
0037 | | UMS THRU UN25 UMS THRU UM25 | 
0039 00002.000 | EA | 0996138-O001 |ICySN7ALS266N 2-INPUT EXCLUSIVE-NOR GATE TE ~SN76LS266N 
0039 | uoe uss 


















i 
OHM 22 16PIN SELEMENY OT3138-896-3-R680 







0972037-2680 |NETWORKSRES 680 


DATE | DESIGN ENGINEER Date | TITLE 


00001.900 


ORAFTSMAN Date 





AUTO-ENSERTED PARTS LIST FOR 2261980-3 





APPD PROJECT ENGINEER DATE PART NUMBER 


LM2261980-$003 | ae 



























































CN ome oprorseo (LIST OF MATERIAL re [LMzzers00-s003 |-a8- 
PART NUMBER DESCRIPTION: VENDOR PART NUMBER 
oso : | | FEE apse 
0041 | 00001. 000 EA | | 0800118-000% RESISTOR 220 OHMS DIL PLL UP 16 PINS | pec | -e981e220 
0042a | | ives | 
0042 00003.000 cA | 0972037-1220 |NETWORKeRES 22 OHM 2% 16PIN BELEMENY 073130-898-3-R22 
ose a is ‘UL UNS ON 
| oss | o0001.c00 | ea | | 0972946-0061 (RES FIX 100 OWS £225 W CARBON FILM | ROH - R-25 
| 00638 | | | Ino 
0044 — 00005.000 ga | 0972946-0069 [RES FIX 220 OHM 5 2.25 W CARBON FILM | ROH - R-25 
00448 : | [RU RZ R29 R390 AIL 
| 0045 | 00001.000 | EA | 0972946-0053 [RES FIX 330 OWNS & 225 W CARBON FILM | ROH - R-25 | 
O04SA R22 | 
0046 | o0001.000 EA 0972946-006L |RES FIX 680 OHM 5 & 225 W CARBON FILM | ROH - R-25 
| posea az 
! 0047 00008.000 = EA | 0972946-0065 RES FIX 1.0K ON SE 425 W CARBON FILH ROH ~ R-25 
| 004Ta | [RLO ALG RZ0 R29 AIG RIS RIT | 
| o0s7e | | ase | 
| 0048 00004.000 | EA | 0972946-0089 [RES FIK 10K OHM 5Z..25 W CARBON FILM =| ROH - R-25 | 
 p0eea | | [R32 R39 R36 RIS 
/ 90se 00001.000 «EA | 0972946-0095 [nes FIX 16K OHM St 425 W CARBON FILH | RON - 8-25 | 
get : DATE CRD BHaFTEMN | se Te ware Te {|__| 
| AUTO-INSERTED PARTS LEST FOR 2261980-3 
Ae DRE + AWD. PROTECT PGI Sa AE PERE T r TT RET 


| 
| 'LM2261980-5003 ave 
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[, TEXAS INSTRUMENTS 
Ge INE ORPORATEO. Oe Uist of MATERIAL eee (LMzze1980-s003 | a | 
_e | pe a [Se | PART NUMBER DESCRIPTION | VENDOR PART NUMBER) 
0 | G0001.000 | €a | 0972946-0105 [RES FIX 47 K OHM S225 W CARBON FILM | POW - R-75 
| GOS0A | | R26 
| 0051 | 00001.000 ; EA | 0972946-0121 RES FIX 220K OHM 5S % 225 w CARBON FILM | ROH ~ R25 
| 005214 | n39 
| 0052 | 00002.000 | EA 0972946-0093 [RES FIX 15K OHM SZ 425 W CARBON FILM | ROH - R25 
00528 | 'mav r2e | 
| o0s3 00001.000 | Fa | 0539370-0385 [RES FIX FILM 1.00K OHM 1% 225 WATT COR = NASS | 
0053A iris | 
00% 00001.000 | EA 0539370-O404 [RES FIX FILM 1.56K OW" 1% 225 WATT cor - NASS | 
00544 R12 
0056 00001.000 | €A 0972757-0025 |CAP FIX CER .O1MF 10% 50¥ 
| Q056a ces | 
| 9088 00012.000 | EA 0972763-0009 |CAP,FIXED .0047MF 50 VOLTS 004222-MC 105€4722 
" 90ssa CT C7S CeO Cal C82 C83 CAS 
00888 C94 COT CLO C109 Cl2t 
0059 00087.000 | EA OFT72753-CO21 | CAP. yFIXEDSAXTAL LEADs.067 UF, +80%,—20% 
_ 90sea & THRU C19 C21 C23 C25 C27 
oases €29 C31 C33 C3$ C37 C39 C41 
cosec C43 C45 C47 C49 C51 653 C55 | 
oos90 | C56 CST C59 THRU C73 C76 
ORAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE } TITLE 
AUTO-INSERTED PARTS LIST FOR 2261980-3 
APPD MEG DATE | AP®O. PROJECT ENGINEER ae oe ore ~ [LMz261980-5003 R 
\ TEXAS INSTRUMENTS 
LH SEE EVE? paccgapeisea . USP Ot MATERIAL PAGE & of _[LMe2ei9e0-5003 o- | 
(— ee ett, 1 oe PART NUMBER DESCRIPTION ___|__ VENDOR PART NUMBER _| 
OOS¢E Twmu cTe Css Ca? THeu CeO 
ooser C92 C93 Cee THRU C103 C106 
00sec Coy C114 THRU C117 C120 
o0sen C222 THRU C125 C127 C128 
oes! C829 C130 C131 | 
eeso 00020.000 | EA 09729240014 [CAP FIX TANT SOLID 15 MFO 10 £20 VOLT CPL -"30003/1-2289 | 
OOO C20 C22 CRO C26 C28 C30 C32 | 
oes 08 C3 C36 C38 C40 C42 C44 C46 
oeeoc Cas C50 CS2 C54 C91 C104 
ooet 00001. 600 ea 6222222-1470 |METWORK SNT470N ~SW Pe TON | 
esta lues | 
0062 e00e1.000 EA 0800118-0008 [RESISTOR 1.OKOHMS DIL PULL UP 16 PINS | BEC -S8981R1.0K 
| o@eza ucs | 
0063 00003.000 | EA 0972924—-0006 [CAP FIX TANT SOLID 39 MFO 10 % 10 vour PL -"39003/1-2259 | 
00638 C105 CLL8 C132 ! 
0064 00001.060 | EA 0972932-0001 Of0DE 149146 SEE TI- DRAWING : 
069A cris | 
oes: @e001.0e0 | EA 0996508-0001 |1C,7464$393N DUAL BINARY COUNTER | 001295- 741 $393N | 
OO81A be | 
\ } 
5 0082 90001.000 __ _€a |__| 0222222-7408 |NETWORK-SNT408N ! 
| AUTO-INSERTED PARTS LIST FOR 2261980-3 
BPD MES BATE ARS ROC ENGR ~~ BRIE REEASED DATE | PROIECT NO ic PART NUMGER TRE 
= | Me = | (LM22619¢0-5003 = 
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mw TEXAS INSTRUMENTS en 
INCORPORATED ks i 
oe Gagorseg — LIST oF MATERIAL PAGE T of [LMz201960-se0s pe 
(at a 
oa ane, ae PART NUMBER DESCRIPTION ; VENDOR PART NUMBER 
ooeza uel i | 
ooes @0018.e00 | EA 09729460001 [RES FIX 4.7K OMAN S & 2.25 W CARBON FILM | ROH - R-25 
' 1 
ooesa RLY THRU RIB R40 ROL N42 
\ i 
ooesa R43 ROE | 
oon 00008. 000 €a 0972946-0025 [RES FEX 22.0 OM S & 25 WeCARBON FILM ROH - R=-25 
o00es R3 M4 RS RO RT RE 
ooo 00001. 000 €a 0972 7S7T-GO21L [CAPs FIX, CERAMIC, STOOPF, SOV 10% | 
eevea C126 
0604 00002 .000 EA 0996 780- COOL (TC .SNT4LS33N QUAD POSITIVE—NOR SUFFER 001295~SM74L5 33N 
| 
o0044 UA6 
ooer 00002.000 EA 0219402-7258 (NETWORK SNT4$258N 
| 
oeera UEL UE2 | 
| 
| t 
DATE | DESIGN ENGINEER Date | TITLE ice 
AUTO“INSERTED PARTS LIST FOR 2261980-3 
TRIG TE APD, PROIECT ENGINEER GATE | RELEASED DATE” PROMCT NO ; PART NUMBER 7 REV 
| | iLMQ2261980-So00s | a0 
ae a AE) 
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3, TEXAS INSTRUMENTS 

We UE Oe palearizse See MATERIAL PAGE 2 of LM2261480-5006 | #9 | 
(— ‘a cette le | _PART NUMBER DESCRIPTION VENDOR PART NUMBER 

e001 00001.006 EA 2261981—0001 (PUB MEMORY CONTROLLER ,W/ECC 999/12 

@00s 0000? .000 €a 0219402~-7400 NETWORK SNT4SCON 

COSA URE | 

396s 00002. 000 EA O9T2G00~ 7400 (NETWORK SNT4LSOON ‘vt —SN T4LSO0N 

60064 VG2 UPS 

oooT 00061. 000 eA 097 2906-7402 inctissd Gueuecers 

OOOTA | VES 

0008 @00021.. 000 ea 0289462-7403 [NETWORK SN74S03N 

008A UMS 

eee 00002 . 000 eA 0219402-7406 (NETWORK SNT4S06N 

e0esa UHS 

oer0 00002.000 €a O9T2900- 7404 [NETWORK SNT4LS08N 

00108 UsS3 UF2 

oett 00001.9000 EA 0972 749-0001 (NETWORK, SNT4L SO8N 

OGLla uUce 

GOL2 60601 060 €a O97T2900— T4106 (NETWORK SNT4SLS1I0N 

e024 YDS 

oots 00001. 690 ea 9229¢02-7630 [NETWORK SNT4S30N I 

C@13A UsT 

0024 00002.000 €a O996136-0001 | 1CeSNT4LS2STNSDATA SELECTORS /mUL TIOLEXEN igi ~SNT4&LS257TN 
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5\ TEXAS INSTRUMENTS 
UH ER Sey ee pate 00/01/80 UST oF MATERIAL PAGE 2 of [LMz261980- 5008 aa | 
a <oihe _- _ PARTNUMBER | DESCRIPTION | VENDOR PART aneeni 
 OO14A Ure UE6 
; oo1s 00002.000 EA 0972900-7432 (NETWORK SNT4LS32N TI —SNT4SLS32N 
| 00254 | UG6 UNS 
0016 00001. 000 EA 0972900-7451 (NETWORK SNT4LSSIN | T! -SNT4LS51N | 
| OOLSA UG3 
0017 00002.000 €A 0972900-7454 |MNETWORK SNT4SLSSAN i vo —-SNT4L554N | 
OOLTA UML UD1 
0018 00005.900 EA | 0219402-T474 (NETWORK SNT4&ST4N 
OOIBA USL USZ2 UKS UH2 UIE 
e019 00005. 000 Ea | O972900-7474 | NETWORK SNT4LST4N 
OO1DA i UG4 UF1 UF4 UGS UE3 
0020 00004.000 | EA 0229402-7486 [NETWORK SNT4S86N 
00204 | UFO UFT UFS UF6 | 
0021 | 00601.000 €a | | O972782—0001 (NETWORK SNT6LS132N TI! —SNT&LS132N 
GO2ZLA USS | 
9022 00002. 000 EA 0219402-7138 (NETWORK SN74S138N | 
OO22A | UG8 UGT | 
6023 00002.000 €A | 0996305-0001 | [CeSNT4S169 UP/DOWN COUNTER,4 BIT 001295-SN74S169 
00234 | | | uD UC3 
0024 | 00001.000 | a 0972900-7175 [NETWORK SN74LS175N : 
DRAFTSMAN BATE] CRD DRAFTEMAN DATE | DESIGN ENGINEER pave | THe 
| AUTO-INSERTED PARTS LEST FOR 2261980—4¢ 
mre lace am alee =] i passateutiseas| oe 
L oie ee ee AE) 
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a a 
0024A vas 
0026 00002. 000 EA 0996 136-0002 
0026A | 
0028 00006.000 | EA 0219402-7280 
0028A | 
0029 | 00002.000 EA 0972652~0001 
00294 
0031 00018. 000 EA 0972 767-0004 
OO31A 
' 90318 
: 0031C 
| 0034 00001.000 eA 09746 74-0001 
"0034 
| 0035 00006. 000 EA 0972563~-0001 
- g03sa 
0037 00066.000 EA 09966 80-0001 
| 0037 
c03Ts 
0039 00002 .000 EA 0996 138-0001 
| 00398 
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LIST of MATERIAL 
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_|LM2261900-s004 = 


PART NUMBER 








ves 


UNS UIE 

NETWORK SNT4S280N 

URS UKT UKE URS U6 USS 
NETWORK SNI4LS283N 
UB86 UCé 


NETWORK SNT4LS368N 


DESCRIPTION 


URL URZ UPZ URE URT UNG UPT 


URE URS UC2 UBS UAT UR4 URS 


VET UPS U83 UB2 
NETWORK SNTS23ON 

UBT? 

NET WORK» SNTS36S 

ULI U2 UML UM2 UNE UN2 


[Cy LOK RAM, CSEL? 


US THRU UN2S UMS THRU UN25 


UL& THRU UL2S5 









{Cy SHT4LS266N 2-ENPUT EXCLUSIVE-NOR GA 


uos use 
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-SNT4S$260N 


~SN1S365 


001295-TNS4116/ZA0T72 7 


" Lal —SNTSLS 2668 
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PART NUMER 


LM226 1980-006 | -20 





REV 








REV 

















DESCRIPTION VENDOR PART NUMBER 
| GB6GA | uoT 
| gess | cooor.coo | ea 0800118-0004 [RESISTOR 220 CHS OTL PULL UP 16 PINS BEC | -8981R220 
eee ue 
ones coces.000.| £A 0972037-1220 |METWORKeRES 22 OH 2% LOPIN AELENENT 073138-898-3-R22 
| eeeza UL3 UN3 UN | 
| @063 00001.000 €a 0972946-0041 (RES FEX 100 OHM 5 © .25 Ww CARBON FILA ROH — R=25 | 
| @oena a9 | 
0044 | 00005.000 €A 0972946-0069 (RES FEN 220 OHM S F 25 W CARBON FILS ROH - R-25 
00sea RE RZ R29 RIO RII 
004s o00e1.000 | 4 0972946-0053 |RES FIX 330 ONS & 25 W CARBON FILM | ROH - 8-25 
essa R22 
008s oe001.000 | EA 0972946-0001 |RES FIX 680 OHM 5 % 225 w CARBON FILM | ROH - R-25 
00464 R21 
00s? 00008.000 |  €A 0972946-0065 [RES FIX LoOK OHM SE 225 W CARBON FILM =| ROH - R-25 
| wera REO RIG R20 AZZ _AZ4_RZS AIT | 
| este 36 
6048 00004..000 | €a 0972946-0089 (RES FEX 8OK OHM SE .25 YW CARBON FILM | ROH - 8-25 
eosea R32 RIS N34 AIS | 
vow oeco1.000 | EA | | o972946-0095 [RES FIX 18K OHM SE 425 W CARBON FILM | ROH - R-25 : 
a ok aaa ae aes TPS iEMSERTED BARNS LIST ROR 2RINEDA: | 
| 
aioe ee cima ca ata ee | [LM2261990-5008 | #0 | 
Se seoe ub er oe C | Ag 
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Jd. Texas INSTRUMENTS 
e UE RE TEES tai epolseo. PAGE § of LMe261980-s008 | we: 
( Se = weet oe [ows PART NUMBER lr DESCRIPTION VENDOR PART NUMBER | 
| G049A | [R36 
| 90s0 | 00001.000 | EA 0972946-0105 [RES FIX 47 K OHM S % 225 W CARBON FILM | ROH - R-25 
a0son | in 26 
0051 | 0001-000 | EA | 0972946-0121 ines FIX 220K OFM S & 225 W CARBON FILM | ROH = - R-25 
OOS51A | ja3@ 
e052 | G6002.000 | EA B972946-0693 (RES FIX 15K GHE Sf .25 uy CARBON FILM «| ROM = Ro?E 
0052A R27 R28 | 
0053 | 00001.000 EA 0539370-0385 [RES FIX FILM 1.00K CHM IZ 225 WATT [con Nass 
| 9053A iran 
| 0054 00001.000 | EA | 05393 70-0604 [RES FIX FILM 58K OHM AE 25 WATT cor - NASS 
| 0054a | Rt2 | 
0056 oooor.oco | eA 09727$7-0025 |CAP FIX CER .OLMF 10% SOV 
O0S6A ces 
0058 00012.000 | EA 0972 763-0009 [CAPeFIXED .0047NF 50 VOLTS 004222-MC 1054722 
| 005A C14 CTS C8O Cat Ca2 C83 C85 
| 0058 | C94 C97 CLOS C109 C121 | 
0059 00087.000 | EA 0972763-00Z2 [CAPs o FIXED AXIAL 1€AD,.047 UF 9 80%,-208 
oOsoa ck TMRU Cle C22 C23 C25 C27 
00598 C29 C31 C33 C35 C37 C39 C4 
‘90sec che te . C43 C45 COT C49 C51 C53. C55 | 
Dara Date CS OFAN SATE] DESGH ENGINE pate [me 
AUTO-INSERTED PARTS LIST FOR 2261980-6 
ones DATE | APPD PROIECT ENGINEER Dare RES BRE ROR te Thnezende 9 ae = 
Ne _L | a ee) bahar anarchy 
<, TEXAS INSTRUMENTS . 
Le INCORPORATED ot LIST of MATERIAL seacek te LM2201980-8008 | ae" | 
Te at i PART NUMBER DESCRIPTION VENDOR PART NUMBER 
eeseo =—SCOt<CSststSSC‘CT jess CST CSO THRU CT3 CTS 
0059€ THRU C79 C84 C8T THRU C90 
Coser C92 C93 C98 THRU CLO3 C106 
00596 CLOT CLL4 THRU CLE? C120 | 
0059H | | CL22 THRU C125 C127 C128 . 
00591 ! C129 €130 C131 
0060 —«-00020.000 | EA | 09729240014 (CAP FIX TANT SOLID 15 MFO 10 £ 20 vout QPL -439003/1-2289 | 
00604 €20 C22 C24 C26 Cz8 C30 C32 | 
00608 | | | 034 C36 C38 C40 C42 C44 C46 | 
| gosoc | | cas C50 C52 C54 C91 C104 | 
| 0061 . 00001.000 | Ea | ! 0222222~7470 | NETWORK SN7470N -SNT470N 
 9061A } i. urs | 
0062 | 00001.000 | EA | | 0800118-0008 RESISTOR 1.OKOHMS DIL PULL UP 16 PINS BEC -89R1R1.0K 
00624 | | (ues | 
0063 = -00003.000 EA | = «(0972924-0006 [CAP FIX TANT SOLID 39 MFD 10 € LO VOLT QPL = -439003/1-2259 | 
00634 | | lcxos c1is c132 | 
0069 , 00001.000 | €A | 0972932-0001 | DIODE 1N9148 SEF TI- DRAWING 
COS9A | | | | jcais | 
0061 | 00001.000 | €a | | 0996508~0001 | 1C,.74LS393N OUAL BINARY COUNTER 001295-74L S39 3N | 
OO81A | | UPL | 
SEAGER eae cp oan PAE | BGR NER oe 
'  QUTO-INSERTEO PARTS LIST FOR 2261980-4 
“APPD-MFGSOS*~*~*~<“~*~*~*S*S*S:SSSSATE | PPD PROVECT ENGINEER DATE | RELEASED DATE | PROJECT NO | PaRT NUMBER ey | 
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0222222-08 (NETUORK-SNT400N 


097 2946-0061 


0972946-0025 


0972757-0021 


0996 766-0001 


0219402~-7258 





u61 


RES FEX 4.7K OHM 5S FT 2.25 W CARBON FILM 


RIB THRU RIB R40 R41 R42 


R43 R44 


RES FIX 22.0 OMM S % 125 W.CARBON FIC 


RB RS RS RE RT RE 


CAPe FIX, CERAMIC. STOOPF, SOV 10% 


c12z6 


TCeSNT4LS33N QUAD POSTTIVE-NOR BUFFER 
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VEL VE2 
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| 0086 00006.000 cA 
OSEGA 
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eos4 00001. 600 €a 
004A 
0087 00002.000 Ea 
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Vee we pevotseg UST OF MATERIAL aes a LM2ze1980-s005 | a0 j 
an T ae | on a aa PART NUMBER DESCRIPTION "VENDOR PART NUMBER | 
o001 —-00001.000 | EA | -2262031-OOOL PWA,REMORY CONTROLLER W/FCC, 990/12 
| 0005 | p0001.000 | EA | | 0219402-7400 [NETWORK SNT4SO0N | 

O00SA | uaa | 
0006 | 00002.000 | €A 0972900-7400 |NETWORK SN74LSOON Tt =SNT4LSO0N 
006A UG2 UPS 
0067 OG0Gi-0G0 | EA O972900-7402 |NETHORE cM TEL SO2N | | 
O007A | ues | | 
o008 000082000 | Ea | 0219402-7405 (NETWORK SN74SOSN 
0008s | UNS | 
0009 00001.000 | EA | 0219402- 7404 [NETWORK SH74S04N 
009A UK3 
0010 00001.000 | EA 0972900-7604 |NETWORK SNT4LSO4N 
| Oo1oa uss 
| oout 00001-000 | EA | 0972749-0001 |NETWORK, SNTSLSO8N 
OO11A ucs 
0012 00001.000 | EA 0972900-7410 [NETWORK SNT4LSLON 
OotzA vos 
| 0013 Q000i.000 | EA 0219602-7439 |NETHORK SNT4S30N 
O013A ust | 
014 | 0002-000 | EA |_| 09961360001 _ [ECs SNTALS 257HeMATA SELECTORS/NURTIPLEXER TI -SNT4LS257N 
| auro-nsentes PARTS LIST FOR 2261980-5 
eek psa ates ine fas sa aaa | ILM2261¢80-s00 | ao 
Xv as ee iS | a ls LAE) 
we TENAS NETRUMEDTS LIST oF MATERIAL rae, — lee 
a DATE 98401480 PAGE 2 of (LM2261980-s005 | 
oe | aa | Se [PART NUMBER DESCRIPTION | VENDOR PART NUMBER 
o014a UP? UE 
0615 00002.000 EA 0972900-7432 [NETWORK SNT4LS32N TI = SNT74LS32N 
| OO1SA | | UG6 UH4 
0016 00001.000 | EA 0972900-7451 (NETWORK SNTOLSSLN TE —-=SNTSLSSIN 
00164 uG3 | 
001? 00002.000 | EA | B972900-7454 INETWORK SNT4LSS4N TL —-=SNT4LS54N 
oot TA UML UDI 
0018 00005.000 | £A | O219402-747% NETWORK SNT4S74N 
| 00184 USL UIZ UKE UH2 UI4 | 
0019 00005.000 | EA | O972900-7474 [NETWORK SNT&LSTON | 
0019 | rn UFL UFS4 UGS UE3 
| @020 | 00004.000 EA 0219402- 486 [nerwons SNTSS86N | 
| a0208 | } | |UE9 UFT UFS UFS 
| o@2t 00001.000 EA | =|: 0972 782-OODL [NETWORK SNTSLS132N TE | --SNT4LS132N— 
| 00228 | | uss 
| 9022 | 00002.000 | EA | | 0219402-7138 [NETWORK SNT4&S138N 
| ooze | | |UG8 UG? : 
| 0023 | 00002.000 EA ===: 996305-0001 Cy SHT4S169 UP/DOWN COUNTER,S BIT _ 001295-SNT4S169 
| 00238 | | | | uns uc3 | 
_ftgt__0001.009, 64, omrzon-7175Jngruonc sara : , 
| AUTO-INSERTED PARTS LIST FOR 2261980-5 
"APPDMFS DATE" APEO PROJECT ENGINEER ome ERS ane} PROIECT NO ; | PART NUMBER ey 
i | | Ui ancatieseley 
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PAGE 3 of 

(we | ee] BE [owe T bagt NUMBER DESCRIPTION VENDOR PART NUMBER 
ves 
| 0826 00062.¢000 €a 0998 136-0002 1Ce SHTALS2S50N,OATA sececronsemueri ened TY! —SNT4LS256N 
| @6R6A UHO UIE | 
| ease | cocos.ece | ea O219462-7260 |HETWORK SHT4S200N | TE =SN74S280N 
| oozes ORG URT UKE UKS Us6 USS | 
| eoze | ocover.coo | ea 0972652-0001 [NETWORK SNT4LS2E3N 

eezea UBS UC6 

e031 coeie.c0o | FA OVT2 707-0804 |METWORK SNT4L5360N ! 

eosta URI URZ UP2 URS URT UHe UPT | 
| eosne URE URE UC2 USS UAT URS URS 
| eoste VET UPS UBS Usz 
| 000s | cover.ees | ea 0974674-0001 |METWORK SNTSISEN 
| 063A us? 

eese | c0802.000 | EA 996138-0001 [IC eSNTOLS206N 2-INPUT EXCLUSIVE-HOR GATE TI -SNT4LS266N 
! oesea ude uss | 
0000 00001 .000 ca GSTZOST- 2680 NETWORK RES 680 OHM 22 LéPIN SELEMENT 0731 38-898-3-R680 

ooe0a vo? 

eeet | cn0el.ceo | EA O972037-2220 |WETWORKRES 220 © OHM 2T L6PIN BELEMENT 

ues 












































































< TEXAS INSTRUMENTS 
ig INCORPORATED | osrorseg _ ‘LIST oF MATERIAL ee iMisccsac eek Ca. 
(nde ; Oe eed | oh | °%S | PART NUMBER DESCRIPTION VENDOR PART NUMBER 
00434 |R9 
| 0064 00007. 000 | €a | 0972946-0069 [RES FIX 220 OM S % .25 W CARBON FILM | ROH - R-25 
! 00644 | | | RL AZ R29 RIO RIL RAT BAB | 
' \ : j 
0045 | 00001.000 EA | 0972946-0053 RES FIX 330 OWNS 25 W CARBON FILM | ROH - R-25 
oossa a22 
0046 | 00002.000 | EA | 0972946-0061 [RES FIX 680 OHMS % .25 W CARBON FIL | ROH - R-25 
| 00668 | | R21 R19 | 
9067 = 00007.000 | EA | 0972946-0065 [RES FIX 1.0K OHM SE 225 W CARBON FILM =| ROH 0 - R-25 
 OO4TA | R10 R20 R23 R24 R75 AT | 
90878 | . ine 
| 9048 00004.000 EA 097 2946-0089 |RES FIX 10K OHM SZ 225 Ww OCARBON FILM =| ROH ~ R-25 | 
| 0008A | R33 R36 R35 _RSO 
| dose 00001.000 | EA 0972946-O115 [RES FEK L20K OHM 5 % 225 w CARBON FILM | ROH - R-25 
| 00a R36 
0050 | 00001.000 | €A | 9972946-0105 [RES FEX 47 K OHM 5 % 25 W CARBON FILM | ROH - R-75 
| 90508 | R26 
90st | o0001.000 EA | O972946-O121 |RES FIX 220K OHM 5% 225 W CARBON FILM | ROM © - R25 
OOSLA | | | R39 | 
0052 | * 90001. 000 | EA | 0972946-0093 |RES FIX 15K OHM 5% 25 W CARBON FIL | ROH - R-25 
00824 | | a [R27 | 
* DRAFTSMAN DATE | CRD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TLE | 
| | AUTO-INSERTED PARTS LEST FOR 2261980-5 
aE aRS Dave [APO PRORCT ENGIEEE Dave | WELEASED DATE PROIEGT NO —r 7 CT cr 
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Jae TEXAS INSTRUMENTS rar 
fl i INCORPORATED 
UE oe onsorseg LIST OF MATERIAL PAGE Sof LM2261980-s00s | 
(Paint Taine ot T Ze : 
i asditny Sig | be PART NUMBER DESCRIPTION VENDOR PART NUMBER 
' 0053 00001. 0300 EA | | 0539370-0365 (RES FIX FILM 1.00% OM 1% 225 WATT [tor = NASS” 
| OOS3A | Rit 
| 00546 00002.000 ea | 0539370-0357 (RES FIX FILM Sti OHM 1% .25 WATT cor - WASS 
| gosea | Ri2 
| 
0055 | 00002. 000 fa OST2753-O0012 (CAPSFIXED 220PF 25 WYVDC 2.0% uc -C50n7216 
00534 | ces CoS 
0056 00001.000 EA 0972 757-0025 (CAP FIX CER .GLMF 10% SOV 
OOS6A cos 
0058 00012.000 Ea 0972763-0009 |CAP,FIXED .OO64THF 50 VOLTS 004222-NC LOSE 47272 
OOSBA C?e CYS C86 C8i C82 Cas Cas 
00588 Ce CO? C198 Cic9d Cl21 
{ 
, 0039 00087.000 EA 0972 763-0021 | CAP. FIXED, AXIAL LEAD, 067 UF» #808,.-20% 
00594 Ci Toru Cis C2t C23 C2S C27 
00598 C29 C31 C33 C35 C37 C39 Cal 
oosec Ce3 C45 C47 C49 C51 C53 C55 
00590 CS@ CST CSO THrRu CT3 C6 
'  GOSOE THRU CTO C84 CE? THRY C90 
| QOS9F ce2 C43 COR THRU €103 C106 
00596 CLO? Clie TRU CLIT C120 
0059H €Cau22 THru Ci2$ ClL27 C128 
DRAFTSMAN CATE | CKD. DRAFTSMAN: DATE | DESIGN ENGINEER DaTe | TIME =| 
| "| AUTO-ENSERTED PARTS LIST FOR cpa 
APED MEG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO 5 aed fom PART NUMBER 
2261980-5e05 | +e 
to} 
TEXAS INSTRUMENTS ‘ier on Marea a - 
INC RPORATEOSO iv 
DATE QBVOLER sd PAGE @ of LM2z61980-s00s | ag 
Ken oitins oe | ORS PART NUMBER DESCRIPTION VENDOR PART NUMBER | 
09508 Cr2z@ C430 C132 
90e0 60626.000 €a 0972924-0014 (CM FI TANT SOLIO 15 DD 46% 20 vou t are —939003/1-2289 
GES2A C20 C22 C24 C26 C28 C30 C32 
66608 C3@ C36 C38 C40 C42 C44 C46 
O868C C48 CSO C52 C56 COE C104 
306i 00001. 060 Ea 0222222-T670 |NETWORK SNT4 TON ~SNT4 TON 
O068A UES 
0062 00062. 060 EA 0800116-0008 (RESISTOR 1.OKOONS DIL PULL UP 16 PINS | BEC -6S8ER1.0K 
00624 uce 
0663 00003.000 EA 0972024-0006 CAP FIX TANT SOLID 39 MFO 10 % 10 vout we -439003/1-2259 | 
G063A Cios Cile C132 
oese 00001 .600 €a 097 2932-0001 (CIODE 149148 SEE Ti- DRAWING 
| @O06A cris 
| 
ees: 00001.000 ea 0996508-0001 [fC 74LS 399M DUAL BINARY COUNTER 001295- 74LS393N | 
j | 
ooeta | url 
o0s2 08001 .000 €a | 0222222-7408 NETWORK-SNT408N 
oceza | UGt 
eees 00011.000 fa 0972946-0081 (RES FIX 4.7K OFM 5S fF .25 WwW CARBON FILM ROH ~ R-25 
| goesa R13 THRU R1O R40 ROL RO?” | 
oeese ce RSS 4] 
| Pear DATE | CKD ORAFTSMAN DATE | DESIGN ENGINEER DATE {| TITLE 
\ MITO-ENSERTED PARTS LEST FOR 2261980-5 
APPO MEG OATE TAPFO. PROJECT ENGINEER Dare | RELEASED Date | PROJECT NO = 2 neat PART NUMBER REV 
| | _Lvvzs1 990-5005 | = 


Se a 


2250690-9701 
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Fi TE 








XAS INSTRUMENTS 
INCORPORATED 


pate 08/01/80 


LIST of MATERIAL 


PAGE 7 











—~_——_—— 





PART NUMBER 


i\LM2261980-5605 

































(eT a | oes PARTNUMBER | DESCRIPTION | VENDOR PART NUMBER 
0096 00006.000 | €A 0972946-0025 (RES FIX 22.0 OWN 5 © 29 W.CARBON FILN ROH — R-25 | 
O086A RI RE RS RE RT RO | 
0090 00001.090 | EA 09727570021 [CAPs FIX, CERAMIC es 4700°F, SOV 10% | 
00904 | C126 
0094 00001.000 | EA 0996 780-0001 |1CySNT4LS33N QUAD POSITIVE-NOR BUFFER | 001295-SNTALS33N | 
00944 uns | 
0097 00002.000 | EA 0219402-7258 |NETWORK SN74S258N | 
009TA UEL UE2 
0102 00001.000 | EA 0972946-0088 |RES FIX 9.1K OHM 5 % 625 W CARBON FEIL4 | RON - R-25 
01024 | R28 
0103 o0001.000 | eA 0996424-Q001 [ECsSNT4LS37SN 4 BIT BISTABLE LATCHES | 001295-SNT4LS375N 
OLO3A uAs 

j o106 00002000 | EA 0231 784-6002 |DIGDE~ 4 PELLET, SILICONSMATI GE -"PNs00 

| onosa CRLG CRIT | 

| 0105 00001.000 | EA 0972946-007S [RES FIX 2.7K OHM 5 % 225 W CARBON FILM | ROH - 8-25 : 
OLOSA R32 | 
0106 o0001.000 | EA 0972784—-0002 | NETWORK SNT4LSL4N | 
OL06A | UE2 
| | | 
} i H 
“brag a 0 Dar DATE | DESIGN ENGINEER Dare | Te =a 
AUTO-INSERTED PARTS LIST FOR 2261980-5 | 
TPO WIE DATE | APPS PROTECT ENGINEER Oate | HHIEASED DATE T PROIECT NO 7 PRAT NUMBER cael 
l LM2261980-S005_ Le 

Change 1 2250690-9701 
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[as, TEXAS INSTRUMENTS se Tana 
t N ORPORATED : : 
‘ & one osvorseo ‘LIST OF MATER PAGE 1 of _LM2261980- 5006 | WE 
(New a “er | mc [PART NUMBER DESCRIPTION —_ [VENDOR PART NUMBER 
NUMBER ASSEMBLY + ISSUE J + a aes 
0001 £€ 00001.000 Ea | | 2262031-0001 |PWS MEMORY CONTROLLER WZECC 990/12 | 
0005 00001. 000 Ea | 0219402-7400 NETWORK SNT4S00N 
| 
| OOOSA iURE 
| | | i 
0006 00002.000 | EA | | 0972900-7800 [NETWORK SNT4LSOON TL =SNTSLSOON 
0006s jus UPS 
ooo? ocean aac ca 0972900—-17402 [NE FWORK -SNT4LSO2N | 
OOOTA VES 
0006 occol. 000 EA 0219402-7405 NETWORK SNT4SOSN 
0008 UHS 
| 
0009 00001.000 EA 0219402-7404 [NETWORK SNT74S06N | 
| 
O009A UH3 | 
6010 00001.900 EA 0972900-7404 [NETWORK SNT4LSOON 
OOLOA Us3 H ' 
OO1l 00001-9000 EA 0972749-O008 (NETWORK, SNT&LSO8N 
OO11A ucé | 
| 
0012 00001 .000 EA 097 2900-7410 inngia SNT4LSION | | 
i 
00124 U6 | 
| i 
0013 @0001.000 EA 0219402~ 7430 lnc on SN74S30N 
00134 us | 
OO14 00002.060 EA 0996136-0008 [TC eSNTSLS25 TN, DATA SELECTORSSMULTIPLE xe Tt -SNT4L S25 7N 
DRAFTSMAN: DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TITLE i 
L. AUTO-INSERTED PARTS LIST FOR 2261980-6 
[APE MEG DATE | APPD PROJECT ENGINEER — DATE | RELEASED DATE | PROJECT NO T a PART NUMBER T REV! 
| | | | ILM2261980-s006 | a& 
ene ! Acoma <i i it L Ae 
° 
TEXAS IN STRUMENTS —— ef 
INCOR RATED . 
oat @evorseg ‘(LIST OF MATERIAL PAGE 2. of LM2261980-s006 | 20: 
| PART NUMBER DESCRIPTION | VENDOR PART NUMBER 
0016A Ure UES 
GOs 00062. 000 O972900-7432 (NETWORK SNPS S32N TI -SNT4LS32N 
00154 USS UH 
0026 000012.000 Ea O9T290G-7451 [NETWORK SNTSA SSIN | TI -SNT4LSSIN 
O0t6a UG3 
| | 
oo17 00062. 960 fA @9T2900- 7454 [NETWORK SNTOLSS4N | TL! ~SNT4SLSS4N | 
otra UNE UDR | | 
oe1e | 00008.000 | EA 0229402-7474 [NETWORK SNT4ST4N 
oo1sa USL WIZ UKS UH2 USS 
o6ne 00005.000 EA 0972900-T674 |NETWORK SNT4LS74N 
00294 UGS UF UF6 UGS UE3 | 
| | 
0020 00004. 930 Ga 0219402- 7686 [NETWORK SN74S86N | | 
| 
| @020a | | UF® UF? UE8 UF 
| i i , 
0021 00001 .000 €a O97 2782-0001 (NETWORK SNT4LS132N Tt ~SN74LS 1L32N 
00224 | uss 
6022 8 8§©69:0002..000 EA O219402-7138 (METWORK SNT74S136N 
OO22A ues UGT 
e023 00002 .000 FA 0996 305-0001 (1C.SN74S169 UP/DOWN COUNTER,4 BIT 001295—SN745169 
00234 | | | UOe UC3 
9024 00001.000 €A 0972900-71 75 lweTwore SNT4LSLTSN 
DRAFTSMAN DATE | CKD DRAFTSMAN One| EH Nana Date | Tine 
| H | AUTO-TNSERTED PARTS LIST FOR 2261960-6 
RPPD MFG DATE | APPD PROJECT ENGINEER GATE | RELEASED DaTE | PROJECT NO i PART NUMBER Ev 
LM 2261980-S008 aa 
es as 
2250690-9701 Change 1 
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fo:: TExas INSTRUMENTS 
oe See ee eT: tee gereleee. . eee PAGE 3 of [LM2261s80-s00 |e | 
Cea ae | ‘or | ons [PARTNUMBER | DESCRIPTION | VENDOR PART NUMBER | 
0024A ives 
0026 | 00002.000 | EA 0996136-0002 1C+SNT4LS258N,DATA SELECTORS/MULTIPLEXER TI -SNT4LS258N 
00264 UH8 Us9 
0028 {| 00006. 000 | eA | O29402~7280 [NETWORK SN74S280N TI = SN74S280N 
00284 | | | | UK6 UK? UK@ UK9 UJ6 UJs8 
0029 0002000 | EA | | 0972652-0001 [NETWORK SN74LS283N | 
00294 | UR6 UC6 | 
0031 00018.000 | £A 0972767-0004 [NETWORK SN74LS368N | 
O03tA | URL UR2 UP2 URG URT UH6 UP? 
00318 UR6 URO UC2 UB4 UAT URS URS | 
0031¢ VET UPS URS UB2 
0034 Oooe1.000 | EA 0974674-0001 |NETWORK SNTS130N 
0034A ue? 
0035 00006.000 | EA 0972563~0001 [NETWORK ,SN75365 Ti-  -SNT5365 
| 00358 ULL UL2 UML UM2 UNL UNZ 
| 0037 00022.000 | EA 0996680-0001 [1C, 16K RAM, (SEL? 001295-TMS4116/7A0727 
| 00374 UNS THRU UN25 
| 0039 00002.000 | EA | 0996138-0001 |1C¢SHT4LS266N 2-INPUT EXCLUSIVE-KOR GATF TT —- = SNT4LS266N 
| 00398 uoe uss 
| 9040 00001.000 | EA 0972037-2680 |NETWORK,RES 680 OHM 2% 16PIN SELEMENT 073138-896-3-R680 
a ae cane | Sani pane sae ie 
AUTO-INSERTED PARTS LIST FOR 2261980-6 
TD MS "DATE T APPD PROWECT ENGINEER DATE | RELEASED PROWECT aaa PART NUMBER 7 
: =f LM226 1960-5006 | as 
~- TEXAS INSTRUMENTS 
Le INCORPORATED Ae ossoiseo UST OF MATERIAL PAGE & of _[Lmezeis00-s006 cd 
Trea aa ee ie [oe] eae NUMBER DESCRIPTION | VENDOR PART NUMBER 
00400 Tt uDT 
0041 | 00001.000 | EA | | 0972037-2220 [METWORK,RES 220 OHM 28 LOPIN SELENENT 
OO41A | | ius : 
0042 00003.000 . EA | | 0972037-1220 WETWORK,RES 22 OHM 2% L6PIN BELEMENY 073136-890-3-R22 
n0a26 ! | _— Hy UNS UNS | 
0043 | 90001.000 EA | | 0072946-0041 ines FIX 100 OHM 5 £225 W CARBON FILM | ROM - R=25 
0063A | Ino | | 
| 0044 | 00007.000 A | | 0972946-0069 [RES FIX 220 OHM 5 % 225 W CARBON FILM | ROH | = R-25 | 
| 0044a | | | RL _R2 R29 R3O RIL RAT RAB | 
| 9045 | 00001.000 cA 0972946-0053 |RES FIX 330 OHM 5% .25 W CARBON FILM | ROH ~ R-25 | 
| 045A | R22 | | 
| 9046 =| 00002.000 | Ea | 0972966-0061 |RES FIX 680 OHMS % 225 W CARBON FILM | ROH - R-25 
00668 | | R21 R19 
0047 | 00007. 000 | ca | | 08972946-0065 (RES FIX 1.0K OMM 5% 225 W CARBON FILM ROH = R-25 
047A | | RLO R20 R2B R24 R25 AIT 
00478 | ! | R38 | 
0048 © 00004.000 «EA | 0972946-0089 [RES FIX 10K OHM SE 425 W CARBON FILM | ROH - R-25 | 
004680 | | | |R33 R34 RIS RSO | | 
0069  g0001.000 EA | | O9T2946-O115 [RES FIX 120K DMM 5 = 25 W CARBON FILM | ROM = R=25 
00498 i) [R36 = 
DRAFTSMAN DATE : CKD DRAFTSMAN DATE | DESIGN ENGINEER DaTE | TIME \ 
| | AUTO-INSERTED PARTS LIST FOR 2261980~6 
TTS RE APS PASTE TREY RET RD Brie T FBT NO nar NOme Ta] 
| | [LM2261980-S008 46 
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' TEXAS INSTRUM ENTS =e an 
t tN RPORATEO ART NUMBER ' v 
oe gevorsen —- LIST OF MATERIAL PAGE § of _[LM2261980-s006 0 
PRINT QUANTITY UNT  T ows. | BE. 
Rie aseitety Sie | ‘ane PART NUMBER DESCRIPTION VENDOR PART NUMBER 
0001. 600 €a 09727906-0105 [RES FIX 47 K OWN S © .25 W CARBON FILM ROW - R-25 
oesea a2 
eest 0000¢.060 €a 0972946-0121 [RES FIX 220K OHM S © 225 WCARBON FILA | ROH - R-25 
| @OS8A R39 
| ese 00008 .060 EA 09729466-0003 [RES FIX 15K OHM ST 225 W CARAON FILM | RON - 8-25 
SeSa4 azz 
e0s3 00602.600 €a 0539370-C38S [RES FIX FILM 1.00K OHM 12 225 WATT COR = NASS 
00834 atl 
oom 00061. 060 eA O539370-0357 [RES FIX FILM S11 OM 1% 225 WATT COR - NASS 
@0Sea Riz 
ess 00002.000 ga 0972 793-0012 |CAP,FIXED 220PF 25 W¥DC 2.08 uc -C$002216 
CeSsa C8e C9 
0086 00001 .060 Ea O9727S7-0025 |CAP FIX CER .BLME LOZ Sov 
00S6a ces 
eess 00012. 600 EA 0972 743-0009 (CAP, FIXED .0067MF 50 VOLTS 004222-MC 10S€ 4722 
eosea Ct CPS C68 C81 C82 C483 C85 
0eSes C94 C97 C108 Clos C121 
cose 00667. S06 th CaP oof TNED AXIAL LEAD, O47 UF, 6808,-208 
00984 Cl THRU C19 C21 C23 C2$ C27 
C2e C31 C33 C35 C37 C39 C4 
DATE | DESIGN ENGINEER DATE | TITLE 
AUTO“INSERTED PARTS LIST FOR 2261980-6 
APPO. MFG. GATE | APP. PROJECT ENGINEER Date | RELEASED DaTE | PROJECT NO. | [ PART NUMBER I REV 
| |LMz261980-S006 . 






































































<<. TEXAS INSTRUMENTS sees is 
INCORPORATED jon 
Date 08/01 760 LIST OF MATERIAL PAGE & of LMz261990-s008 |-a0 
PART NUMBER DESCRIPTION VENDOR PART NUMBER 
C43 C45 Ce? C49 C51 C53 C55 = mors 
00390 C56 C57 C59 THRU CT3 C76 
00Se€e | THRU C79 Ce CBT THRU C90 
0089" C92 C93 C98 THRU C103 C108 
00596 | | icko7 CLte THRU CLL? C120 
i | i 
00590 lcuz2 THRU C125 C127 C128 
80591 €129 C130 C13t 
i | ! 
0060 | 00020.000 | EA | | 0972924-0014 [CAP FIX TANT SOLID 15 MED 10% 20 VOLT QPL -439003/1-2289 
i i \ 
| 0060a | €20 C22 C26 C26 C28 C30 C32 
esos | {| 1C34 C36 C38 C40 C42 C44 C46 | 
| 
ooeoc C4s C50 C52 C54 C91 C104 
0061 | 00001.000 | EA | | 0222222-7470 [NETWORK SN7470N -SNT4T70N 
061A | | : 4 UF 
| 9062 {| 00001.000 | EA | OBOOLL8~CO08 |RESTSTOR 1.OKOWMS DIL PULL UP 16 PINS | BEC -8981R1.0K 
| | | f } 
| 00624 | UCB 
0063 | 00003.000 | EA 0972924-0006 cap FIX TANT SOLID 39 MED 10% 10 voLt oPL © -"39003/1-2259 
00634 | | [e105 ciis c132 | 
i i | | 
pose | 00001.000 | EA 0972932-0001 | orove 1N9 148 | SEE TI- DRAWING 
006s | lores 
| 
eost | 00001.000 | EA 0996508-0001 |1C,74L$393N DUAL BINARY COUNTER | 901295-7415393N 
ORAFTSMAN: DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER OATE | TITLE 
i i AUTO-INSERTED PARTS LEST FOR 2261980-6 
APP MEG DATE | APPD PROJECT ENGINEER DATE | BREAD DATE | PROJECT NO are aaa PART NUMBER TRY 7 
i L |LM2261980-S00s ac 











2250690-9701 Change 1 4-43 
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S35, Texas INSTRUMENTS ae Te 
a ouergereizes. ooo Ot eae PAGE 7 of [LMeze1se0-s006 ee 

- wie a vet ‘or Tel PART NUMBER | DESCRIPTION |__VENDOR PART NUMBER | 
| 00B1A UPL 
| 0082 00001.000 | €A 0222222-7408 |NETWORK—SNT406N 
| goe2a UG1 
| 0065 00011.000 | EA 0972946-0081 (RES FIX 4.7K OHM 5S % 425 W CARBON FILM | ROH - R-25 
| g0nsa RL3D THRU RES R49 ROL R42 
| 008s R43 ROS 
| 908s 00006.000 | EA 0972946-0025 |RES FIX 22.0 OFM 5 % 25 W.CARBON FILM | ROH - 8-25 

00864 RS _R4 RS RE RT RE | 
| 0090 00001.000 | €A 0972757—0021 |CAP, FIX, CERAMIC, 4700°F, SOV 10% 
| OO90A Ci26 
| 0094 00001.000 | €A 0996 780-0001 |ICeSNT4LS33N QUAD POSITEVE-NOR BUFFER | 001295-SN74L533N 
| 006A uae 
| 0097 00002.000 | EA 0219402-7256 |NETWORK SNT4S256N 
| QO9TA VEL UE2 
| 0102 00001.000 | EA 0972946-0088 {RES FIX 9.1K OHM S £225 W CARBON FILM | ROH - R-25 
| onoza a28 
| 0103 o000t.000 | EA 0996424- 0001 [IC eSNT4LS375N 4 BIT SESTABLE LATCHES 001295-SNT4LS 3756 
OLO3A | uaa 
| 0104 oooaz.o00 | A 0231784-6002 [DIODE- 4 PELLET. SILICON, MULTI GE = - RPD400 | 
! arm corps eats C847 — 

AUTO-INSERTED PARTS LIST FOR 2261980-6 
SAE | ROREET NO rai Sivas eo 
yl LM2261900-s006 | ee 
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LIST of MATERIAL 
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PART NUMBER 








LM2261980-sees 20: 














REV 






E | 














-_ —_ i PART NUMBER DESCRIPTION i VENDOR PART NUMBER 
0105 00001.000 #£«£A : | 0972946-O07TS (WES FIX 2.7K GHE 5 © .25 W CARBON FILS § ROH = Ro 2S “t 
i 
olesa | R32 | ‘ 
| | 1 | 
| H 
0106 =§=©=§=600001. 000 | Ea O972 704-0002 (NETWORK SNT4LS14N 
OLOGA | UF2 
; ! 
| ' 
i i } : 
: l i ' 
i | i H \ | ) 
| ! } 
5 
| 
H | 
f | | ( 
hf 
t i i t 
! ! ! | | | | 
j | i | 
| | . 
1 | | ‘ 
| 
\ : | 
| i i 
| 
| 
| 
| 
i ' ! 
| i | | | 
| | i ( | 
‘ \ ! i 
| | 
| | 
| | 
| i | 
: ! i | 
i { ! | 
i | | 
| | 
{ | | i 
bad | 
DRAFTSMAN AE ORD DRAFT oman : DATE | DESIGN ENGINEER Date | TIME 4 
: } 
i AUTO-INSERVED PARTS LIST FOR 2262980-6 i 
APPQ MFG Date Tare PROJECT ENGINEER Date T erceasen me sare T PROJECT NO | PaRT NUMBER 7 REV | 
| 'LM2261980-S006 46 
bs ame Lat [ae ae aera eee ___ IM Az) 
Change 1 2250690-9701 
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dos, TEXAS INSTRUMENTS a e — a 
ri at i 
See. ee = ° oe oerorseg = LIST OFM : PAGEL of LMz261980-s007 48 
(ee oun BT ows PART NUMBER DESCRIPTION aes VENDOR PART NUMBER 
NUMBER ASSEMBLY _|_iSSue SIZE 2 +. 
| 000 00001 .600 EA 2262031-0001 (PHB, MEMORY CONTROLLER W/ECC 6990/12 
0605 00001.000 €a 0219402-1400 laerwank SNT4S00N i 
| oo0sa | | UKL 
| i i i i 
| 90006 | 00002.000 ea 0972900-7400 |METWORK SNT4LSOON TE —SN P&L SOON 
} i 
00064 | UG2 UPS | 
i | 
090? #60991 .9n0 fa 1 @@?729NN- 7402 aaa 2SN741S02N | 
O007A jues 
i { 
0008 00002 .000 ea 0229 402-7405 INETWORK SNT4SO5N 
OD08A UHS | | 
0009 00001. 000 Ea 0219402-7404 (NETWORK SNT4SO4N 
OOOSA UM3 
0019 00002.000 ea G972900- 74046 [NETWORK SNT42.SO4N | 
OOLOA Us3 | 
| 
ooll 00001.0600 EA 0972749-O0001 (NETWORK, SN74LSO08N i 
! 
OOL1A UCcs | 
oot2 | 0000%.000 Aa 0972900-7¢1L0 oo SNT4LSION ! 
00124 io 
9013 00001 .900 ea 9219402-7430 |METHORE SMT7&4S30N | 
OO13A Us? 
0014 00002.900 €A | 0996136-0001 (ICs SNT4LSZ257NDATA SELECTORS / MULTIPLEXER Te —-SNT4LS257N 
DRAFTSMAN DATE | CKO DRAFTSMAN DATE i DESIGN ENGINEER DATE | TITLE 
{ AUTO-INSERTED PARTS LIST FOR 2261980-7 | 
lappa MRO rte rr PRCT ENGINEER oat RELEASED DATE | PROJECT NO. T ae BAST NUMBER Tay . 
| LM2261980-S007 | a0 | 
a Se oe alts eel i | “ae ) 
oO 
TEXAS INSTRUMENTS ng — = 
INCORPORATED i 
oe oagoiseg ‘LIST OF MATERIAL PAGE 2 of LM2261980-s007 | -se- 
oti el es PART NUMBER fi DESCRIPTION VENDOR PART NUMBER 
eetea fe = == We UES 
oes 06002.000 €a O972900- 7432 [NETWORK SNT4LS32N TI ~SNT4LS32N 
@O1SA BEE UNG 
oes 00001. 000 €A @972900- 7451 [NETWORK SNTOLS5S1N tT! -SMT4LSSIN 
Ootea UG3 
oeir 00002. 600 ea 0972900-7654 (NETWORK SN741S54N T! ~SNT4&LS54N 
eoira UML UDL 
ets | 60905.000 €A | O229602-7474 NETWORK SNT4STAN 
@OLSA USE VIZ URS UH2Z US4 | 
e019 =| 00005.00e | EA O97 2900-7474 [NETWORK SHTOLSTON | 
00194 UG4 UFI UF4 UGS UE} | 
| e020 @0e0s.000 EA O219402-7486 | NETWORK SN74S66N 
86204 | |UF9 UFT UFE UF6 | 
| j H 
' @ozt oooot.oeo | EA 0972782-0001 |NETWORK SN74LS1L32N | TE ~SNT6LS132N | 
| OOziA | uss i 
| | 
0e22 @0002.000 EA ! 0219602-7138 |NETWORK SN74S136N 
00224 ues UG? 
| 
023 30002 .000 Ea | @996305-O0001 | [C oSN74S169 UP/DOWN COUNTER,4 BIT | 001295—SN74S 169 
t | i 
00234 | UD6 UC3 
6024 0600!1.000 €a | OSTZ900-TL7S | NETWORK SNT4LS175N ‘= 
DRAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER ‘bate [He 
j H | AUTO-INSERTED PARTS LIST FOR 2251980-7 
PPD MFG DATE [ APPD. PROJECT ENGINEER DATE | RELEASED DATE T PROIECT NO a T PART NUMBER Rev 
| | ILM2261980-S007 2D | 
XX Sis i H i AE 





2250690-9701 Change 1 


Drawings 
























































= 
r ) CC PaaT NUMBER | REV 
we ove garorseo ‘LIST OF MATERIAL PAGE 3 of |LMe261980-5007 | ae 
Ct nn “or. | OMG PART NUMBER DESCRIPTION VENDOR PART NUMBER | 
NUMBER ASSEMBLY ISSUE Set 
 0024A ues 
| 0026 00002.000 | €A 0996136-0002 |1CeSNT4LS250N, DATA SELECTORS/MULTIPLEXER TI 9 -SNT4LS258N 
00264 UNS Use 
| 
oaze 00006.000 | EA 0219402-7280 |NETWORK SN74S280N TI ~$N74S280N 
00204 | UK6 UNT UKS UKO UJ6 UI8 
| ooze 00002.000 | EA €972652-0001 [METWORK SNT415263N 
oozes ves UC6 
| @onn 00018.000 | EA 0972 787-0006 [NETWORK SNTSLS366N 
OOsLA URL URZ UP2 URS URT UH6 UPT | 
eos18 URG UR® UC2 UB4 UAT URS URS 
| eesic VET UPS UB3 UB2 
0034 09001.000 EA O974674-0001 [NETWORK SNTS135N 
00308 ue? 
| 003s 00008.000 | EA 0972563-0001 [NETWORK.SNTS365 © i Ti-= =SNT5365 
| 0035a ULL UL2 UML UM2 UNL UN2 
| 0037 00044.000 | EA 0996660-0001 |1Ce 16K RAM, (SEL | 001295-THS4116/ZA0724 
O@37A UNG THRU UN2ZS UR¢ THRU UNZ5 | 
| 00839 | 00002.000 | EA 0996 238-C00L | TC, SHT4LS266N 2-INPUT EXCLUSIVE-NOR GATE TI = -SNTSLS266N 
4 i 
/ eanea ype uss 
' 9060 00001.000 | EA 0972037-2680 |NETWORK,RES 680  OMM 28 LePtN sptaeit 0731 38-898-3-R680 
j ORAFTSMAN DATE | CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE j TITLE 
AUTO-IMSERTED PARTS LEST FOR 2261980-7 
APPD -MFG DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO PART NUMBER REV H 
LM2261980-s007 | a0 CC 
ne , 














Le . Texas INSTRUMENTS 
Ye INCORPORATE CD 


OATE 


08701 780 


LIST oF MATERIAL 


PAGE @ of 


PAST NUMBER 


LM22619086-s007 















































Cm [See ees] PARTNUMBER | DESCRIPTION VENDOR PART NUMBER 
OO40A ia aly UOT pipe hag | 
, O01 | 00001. 000 €a | 0972037-2220 | NETWORK, RES 220 OHM 22 L6PTN SELEMENT 
cosa | | ! uw | 
0042 | 00003.000 ta \ O9T203T-1220 |METWORK,RES 22 Oum 22 L6PIN eELENENT 0731 36-698-3—R22 | 
00428 | : lub UNS UND | 
0043 i 00001.000 i €a | 09729466-0041 RES FIX 100 OFM 5 & 1.25 W CARBON FILA ROH - R-25 | 
00434 | | | ino 
0044 | 90007. 000 ea | 0972 946-0049 (RES FIX 220 OMM S © .25 W CARBON FILM ROW - R25 
O00446A | | \ RL RZ R29 R39 AZL RET ROB 
| 0045 00001.900 EA | 0972946-0053 (RES FIX 330 OM 5 25 W CARBON FILS ROH - R-25 
90454 R22 
0046 00002.060 fA 0972946-0061 (RES FEX 680 OHM 5 & .25 W CARBON FILM ROH = R25 
00464 | | RzE RID 
0047 0000T.000 EA | 0972946-0065 (RES FIX 1.0K OHM 5ST 1.25 W CARBON FILN ROH - R25 
00474 | | | R10 R20 R23 R24 R25 RIT 
00478 | R38 
004s | 00004.000 | EA | 0972946-0069 [RES FIX 10% OHM SE .25 WwW CARBON FILM | ROH - R25 i 
O046A | | R33 R34 R3S RSO i 
0049 | 00001. 000 | EA 0972946-0115 (RES FIX 120K OHM 5 & 125 W CARGON FILA ROW - R-25 | 
| | AUTO-INSERTED PARTS LIST FOR 2261980-7 i 
APD MEG ssl badeaaia ar Date hess NO 7 a M2261980-300 7 a0 | 
1 i AE) 
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mi | 
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lop TEAS NSU RUMENT® UST 0 ra 
HE DATE 08/01/80 F MATERIAL PAGE § of {LMe261580-s007 | Lea 
( ee ate Ser] ows T part NUMBER DESCRIPTION au VENDOR PART NUMBER 
7 00$0 | 00001.000 | EA | 0972946-0105 (RES FIX 47 K OWN 5% 225 W CARBON FILM RON - R-95 ) 
| 00508 | | ;R26 | 
9951 | o0008.000 | EA | 0972946-0121 [RES FIX 220K OHM 5% 225 W CARBON FILM | ROM - R=25 
o0siA | |n39 | 
0052 | 0001.00 | EA 0972946-0093 [RES FIX 15K OHM 5% .25 Ww CARBON FIL® | ROH - R-25 
OOSZA | |R2? 
| 0083 00001.000 | EA 0539370-0385 |RES FIX FILM 2.00K OHM 1% .25 WATT cor - NASS 
0053A RIE 
0054 00008.000 | €A 0539370-0357 |RES FIX FILM SIL OM 1% 225 WATT COR - NASS | 
0054 Ri2 
0055 00002.000 | EA 0972753-0012 |CAP»FIXED 220PF 25 WDC 2.0% uc -€5002216 
O05SA C86 C96 
0056 00001.000 | EA 0972757-0025 {CAP FIX CER .OLMF LOZ SOV 
O0S6A C95 
0058 00012000 | EA 0972763-0009 |CAP,FIXED .0047MF 50 VOLTS 004222-MC LOSEST2Z 
ssa C7 CTS C80 C81 C82 C83 CAS | 
00588 C9 C97 C108 CLOS C122 
0059 00087000 | EA G972 763-0021 |CAP.,FIXEDS AXIAL LEAD, .067 UF, +808 5-208 | 
00S9A Cl THRU C19 C22 C23 C25 C27 
00598 en eee Pa scr wae G29, 31 €33 C35 C37 £39 C41 
| AUTO-INSERTED PARTS LIST FOR 2261980-7 
os DATE | APPO PROJECT ENGINEER DATE RELEASED DATE | PROSECT NO i ieee ~LM228 pe a. aye | 
Le oh Bales | wee eecile HE 
Lap THURS INSTRUMENTS ereewe ahem 
pate @0/01780 MATERIAL PAGE & of |LMz261980-s007 id 
~~ z 


OOSLA 





00624 


00634 
0069 
606%A 
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00020.000 


00081. 000 


06001.000 


00083.000 





60002.000 


Dalé 





EA 


€A 


CKD. DRAFTSMAN 








APPD. PROJECT ENGINEER 







097 2924-00184 


0222222-7470 


9006118-0008 


097 2924-0006 


097 2932-0001 


0996506-000) 


DATE | DESIGN ENGINEER 


DESCRIPTION 


VENDOR PART NUMBER 





C43 C45 C47 C49 C51 C53 CS5 
CS6 CS7 CSO THRU CT3 C76 
Temu C7? Cae Cet THRU C90 
C92 C93 Cee THRU C103 C106 
Clo7 CLie TeRu C1i? C120 
Cl22 THRU CL25 C127 Ci28 
C129 €130 C131 





CAP FIX TANT SOLID 15 MFO 10 % 20 VOLT 


C20 C22 C24 C26 C28 C30 C32 i 





C34 C3 C38 C40 CO2 CO4 C46 
C48 CSO C52 C54 C91 CLOE 
METWORK SNT4TON i 
UFS 

RESISTOR 1L.OKOHMS OTL PULL UP 16 PINS 
uce 





CaP FIX TANT SOLID 39 MFO 10 3 10 VOLT 
| 

CclOS Cizé C132 

BCIOOE 19199148 


cris 





1Co TOL S393N DUAL BINARY COUNTER 


Date | TITLE 





wl 





OPL = -"39003/1-2289 | 

~ SNT4TON 
BEC -898DR1.0K 
QPL = -439003/1-2259 | 


SEE Ti- DRAWING 


001295-7415393N 
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i 








| 





AUTO-ENSERTED PARTS LIST FOR 22619860-7 
Date | PROJECT NO 7 


PART NUMBER : REV 1 
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Drawings 








x, TEXAS INSTRUMENTS 
wr Lee INCORPORATED 
N 
{RINT Suaniny UNIT 
! (TEM PER OF 
— NUMBER ASSEMBLY dE ISSUE 
; OO8LA 
| 9062 00001.000 | EA 
- O0B2A | 
| 008s sa ait EA 
| 085A | 
| 00858 
\ 
| 0086 00006.000 EA 
' 086A 
| 0090 00001.000 | EA 
| 00904 
009% 00001.000 | £A 
Q094A 
0097 00002.000 | EA 
OO9TA 
0102 00001.000 | EA 
01024 
0103 oo001.000 | £A 
| OLOSA 
| 
| 0104 00002. 000 
OLO*A 
DATE | CKO DRAFTSMAN 





[0105 | 








60001.900 





EA 














DWG 
SIZE 















DATE | APPD. PROJECT ENGINEER 





















DATE 08/01/80 LST OF MATERIAL PAGE F of LMazeise0-seo7 ser 
PART NUMBER DESCRIPTION 7 VENDOR PART NUMBER 4 
0222222-7408 |NETWORK-SN7408N | 
ici ! 
0972946-008t [RES FIX 4.7K OHM 5 % 25 WOCARBON FILM ROH | - R-25 
R13 THRU RIA R40 REL R42 
R43 R44 
0972946-0025 [RES FIX 22.0 OHM 5 % 125 W.CARBON FILM | ROH - 8-25 
R3 RS RS RO RT RE 
09727570021 |CAP, FIX, CERAMIC, 4700PF, SOV 10% 
C126 
0996 780-001 |1CeSNT4LS33N QUAD POSETIVE-NOR BUFFER 001295- SNT4L S33N | 
UAG 
0219402-7258 |NETWORK SN74S258N | 
VEL UE2 
0972946—0088 [RES FIX 9.1K OHM 5 % 25 W CARBON FILM | RON - R-25 
R28 
0996424-0001 [IC eSNT4LS375N 4 BIT BESTASLE LATCHES 001295-SN74L5 375N 
VAS 
0231784-6002 |DIODE- 4 PFLLET, SILICON. MULTI GE  _ -mPpNs00 
lente cri? 
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RES FIX 2.7K Cet 5S FJ .25 w CARBON FILE 
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PART NUMBER rel 
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fas. Texas INSTRUMENTS eneere 
Bae SS ERAN 4 en aaparpees tee PAGEL of 'LM22619¢0-se00 | a8. 
‘a om a at er.) Oe PART NUMBER DESCRIPTION L_ VENDOR PART NUMBER 
[9001 00001.000 | €a | 2262031-0001 PUS, MEMORY CONTROLLER W/ECC, 990/12 
| 00s 00001.000 | EA | 0219402-1400 [NETWORK SNT4SOON | | 
| 00sa uma 
0006 | 00002.000 | EA 0972900-7400 [NETWORK SNT4LSOON peh® “aan isescen 
00064 UG? UPS 
0007 00001.000 | £A 0972900-7402 [NETWORK »SNT4LS02N | 
OOOTA ves 
0008 00001.000 | EA 0219402-7405 [NETWORK SNTOSOSN ! 
0006A UMS 
0009 00001.000 | EA 0219402-7404 [NETWORK SN74S04N 
O009A UH3 
0010 o0001.000 | EA 0972900- 7404 [NETWORK SN74LS04N 
OOLOA Us3 
0011 00001.000 | €A 0972749-0001 |NETWORK, SNT4L SO8N 
oo1lA uc 
00:2 00003.600 | €A 0972900-7410 |METWORK SN74L SION 
O012A Dey 
| 0013 00001.900 | EA 0219402-7430 [NETWORK SNT74S30N 
OOL3A ust 
0014 IC pSNTSLS257NeDATA SELECTORS/MULTIPLEXER TE 9 -SNTOLS257N 
paar pare op aneiina aie ame 
ok AUTO-INSERTED PARTS LEST FOR 2261980-8 
‘APPD -MFG. DATE |] APPD. PROJECT ENGINEER DATE | PROJECT NO. | | PART NUMBER ea 
i | | |LM2261980-sees RO: 
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| AED) 





, TEX 
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NCORPORATEODO 


pate 08/02780 


LIST of MATERIAL 


PAGE 2 of 
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ISSUE 
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DESCRIPTION 
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0021 


oo21a 


0022 
0022A 


0023 


0023Aa 


0024 =| ~—-00001.000 | 


| 
| 
| 
i 





00002.000 


00001.000 


00002 .000 


00005.000 | 


06005.630 


00004.000 


99001.000 


00002. 000 


00002.000 





{ 
| 
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EA 


EA 


EA 


EA 


EA 


EA | 


EA 


EA 


Ea 


EA 








0972900- 7432 


0972 900-7451 


0972900- 7454 


0219402— 74 4 


09 72966-7474 


0219402~ 7486 


097 2782-0001 


0219402-7138 


0996 305~0001 


097 2900-7175 


UP9 UES 
NETWORK SNT4LS32N 
UG6 UH4 

NETWORK SNT4LSS1N 
UG3 

NETWORK SN74LS546N 
UHL UNL 

NETWORK SNT4S74N 
|UJL U2 UK4 UH2 UUs 
NETHORK SHT4LST4N 
UG4 UFL UFS UGS UE3 
NETWORK SN74S86N 
UE UFT UFS UF6 
NETWORK SN74LS132N 
uss 

NETWORK SN74S136M 
UGB UGT 


ICeSN74S169 UP/DOWN COUNTER,4 BIT 





| Uae uc3 


{METWORK SN74LS1 TSN 
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Tr ~-SNT4&LS32N 


Tt! ~SNT4LSSIN 


, vt ~SNT4&LS54EN 








Le | ~SNT4LS1L32N 


00129 5~SN74S169 
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Jie TEXAS INSTRUMENTS 
WE peoseonarTs® ome oesorseg ‘LIST OF MATERIAL PAGE 3 of (LMe2e1980-s008 ES 
‘a i i ee ie [ows ] PART NUMBER | DESCRIPTION VENDOR PART eee ; 
002464 T UES aa 
| 0026 | o0az.000 | EA 0996136-0002 [1C,SN74LS250N,DATA SELECTORS/MULTIPLEXER TI -SN74LS256N 
| oeres ume uss | 
| ooze 00008.000 | EA 0219402-7280 |NETWORK SN74S280N TE =SN74S280N | 
| oozea UX6 UKT UKS UK9 UJ6 USO | 
| ooze 80002.000 | €£A | 0972652-C001 |NETWORK SNT4LS283N | 
00294 U86 UC6 | 
| @031 | 00018.000 | €A 0972787-0004 [NETWORK SNT4LS360N | 
| eosta | URL URZ UP2 URE URT UH6 UPT | 
| 00318 URB UR® UC2 UBS UAT URS URS 
| oesic VET UPS U83 UB2 | 
| 0036 oo001.000 | €A 09746740001 [NETWORK SN7S136N | 
0034A ve? 
0035 00006.000 | £A 0972583-0001 |NETWORK,SN75365 | Ti-  -SN75365 
00354 ULL UL2 UME UM2 UNL UN2 
| 0037 00066.000 | EA 0996680-0001 [1C, 16K RAM, (SEL) 001295-TMS4116/240727 
| OO3TA UNS THRU UN25 UNG THRU UMN25 | 
00378 UL4 THRU UL25 
| 903@ | o0002.000 | EA | | 0996136-0001 [Cy SNTALSZ66N 2-INPUT EXCLUSIVE-NOR GATE TI  -SNT4LS266N | 
| ooava ups uss 
[DRAFTSMAN DATE | CKO DRAFTSMAN DaTe | DESIGN ENGINEER Date | TME : 
AUTO-INSERTED PARTS LEST FOR 2261980~8 
etn Gate | APR PRORECT ENGINEET Date | RELEASED oae | ORT NO Fant NUMBER i 
bees | | | LM2261980-s008 | a 
) TEXAS INSTRUMENTS LIST of MATERIAL PART waMBeE TR 
in pare OB /01/60 PAGE & of LM2261980-s008 | a0 
wee ca S| 8S |) PART NUMBER ‘| DESCRIPTION VENDOR PART NUMBER 
; 0040 —  00001.000 EA | | O972037-2680 (NET WORK,RES 680 © OHH 2E LGPIN BELENENY OT3I38-896-3-RERO 
00404 | fo uo? | 
004: = 00001000 | 0972037-2220 [NETWORK,RES 220 OHM 2% 16PIN SELENENT 
Oosta | | | | une ! 
| pea | 00003.000 ea! | 9972037-1220 |nerwonk.reS 22 | OMM 2% 1LBPIN SELEMENT 073136-898-3-R22 
| oosza | | | UL3 UN3 UND | 
083 00001.000 | a | 0972946-0041 [RES FIX 100 OHM 5 % 425 Ww OCARBON FILM | ROH - 8-25 | 
00434 | : | ae | 
| 0004 | 00007.000 EA | o97zes6-0009 [RES FIX 220 OFM 5 £225 W CARBON FILM | ROH - R-25 | 
| o0een | | RL RZ RID RIO RL RAT RAB 
/ 0045 | 00001.000 A 0972946-0053 |RES FIX 330 OMN 5 225 W CARBON FILM | ROH = - R-25 
| ooesa | | R22 | 
a 00002. 000 | EA 0972946-0061 |RES FIX 680 OHM 5S % 25 W CARBON FILM | ROH - R-25 
: 066A | | | R2t R19 | 
' 9067 = 00007. 000 ea | 0972946-0065 |RES FIX 1.0K OHM 5% 225 W CARBON FIL | ROH - A-25 
@047A | | | RLO R20 R23 R24 KZ RIT | 
oesre | | | R38 | | 
9048 = -00004.000 EA | 0972946-0089 [RES FIX 10K OHM SE 225 W CARBON FIL" | ROH - R-25 
0048A | | | R33 R34 R35 _RSO | 
oos9 | 00001.000 eA | | 0972946-O115 [RES FIX 120K OHM 5S % 225 W CARBON FILM | ROH ~ R-25 
7 ACT oT DATE | DESIGN ENGINEER Date | WE 1 
| | | AUTO-INSERTED PARTS LIST FOR 2261960-8 | 
oe TATE | AFRO. FROVECT ENGINES ae TELEASED DATE weGHECT NO | 


or | PART NUMBER | Rev 
| | | LM 2261980-3008 | = 


1 —i -i 
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fs. TEXAS INSTRUMENTS 

Ue TNC ORPORATED © O44. LIST of MATERIAL aeten ig (LMezereso-seee te: 
a Lay 2 se PART NUMBER DESCRIPTION “1 VENDOR PART NUMBER 
00698 | R36 Rong Uae < Ser Sar, oe “A 
0050 001.000 | EA 0972946-0105 ines FIX 47 K OMM S $ .25 W CARBON FILM | ROW = R-25 
' 0050A | R26 
| 0051 , 00001.000 EA 0972946-0121 |RES FIX 220K GHN S & 125 W CARBON FILS | ROH = - R-25 
| 00514 | | a39 
| 9052 o0001.000 | EA 09729460093 [RES FIX LSK OHM ST 425 WOCARBON FILM =| ROH = R-25 
! 00524 | | R2T 
| 0083 00001. 000 | EA 0539370-0385 [RES FIX FILM 100K OHM 12 225 WATT | con = NASS 
| 00838 | alt 
| 0056 | 90008.000 €A 0539370-0357 [RES FIX FILM SLL Gee 1% 225 WATT con - MASS 

0054A | R12 

6055 00002.060 | €A 0972753-0012 (CAP,FIXED 220°F 25 WOT 2.0% ue = =€ $002216 

OOSSA C86 C% 

0056 00001.000 | EA 0972757-0025 [CAP FIX CER .OIMF 10% Sov | 

OOS6A ces 

osss eCCi2.000 | EA 0972 763-0009 [CAPSFEZED .0047RF SO VOLTS 006222-0 L0SE4722 
| O0S8A CTs CTS C80 C81 C82 C83 C85 
| oosee C$ C97 C108 CLOP C121 

00s9 00087.000 EA 0972 763-0021 [CAPs eFIXED,AKIAL LEAD, 20467 UF, +80T,—202 | 

0O59A Ch THRU C19 C2t C23 C25 C27 | 
TORAFTSMAN Dave | CKD re enema anes Lust ron azetenone 
[ | BUTOCERSERTED PARTS LIST SOR 2261980-8 
TORS BATE RPS PROTECT ENGINE BRE | REE BATE] PORE Fa co 

| | |LM2261960-s008 | a6. 





as 
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NCORPORATEOD 


LIST of MATERIAL 





























PART NUMBER 


Rev 

















oxte 08/01/80 PAGE & of LM2261980-s008 | #5. 
(we | eer | OE eS] part NUMBER DESCRIPTION ; VENDOR PART NUMBER 
00598 | C29 C31 C33 C35 C37 C39 Cat 
0059C C43 C45 C47 C49 C51 C53 C55 
00590 | C56 C57 C59 THRU CT3 C76 
| 00S9E | |THRU C79 C84 CAT THRU C90 | 
| 00S9F C92 C93 C98 THRU C103 C106 | 
90596 | [CLOT CALLS THRU CALT C120 
| 00S Cl22 THRU C125 C127 C128 
- oser | ‘129 C230 C131 
0060 00020.000 | ea | 097 2924-0014 cap FIX TANT SOLID 15 MED 10 % 20 VOLT QPL -439003/1-2289 | 
| O060A | jC20 C22 C24 C26 C28 C30 C32 
| 00608 C34 C36 C38 C40 C42 COS CHE 
| 0060C | | C4a C50 C52 C54 C91 C104 | 
0061 ovoor.coe | eA | 0222222-7470 |NETWORK SNT47ON | -SNTSTON 
eosin | | | | Ue3 | 
0062 | 90001-000 | ea | 0800118-0008 | RESISTOR 1.OKOHMS DIL PULL UP 16 PINS | BEC = - 8981R1.0K 
00624 | | iuce 
0063 | 90003.000 | EA | 0972924-0006 [CAP FIX TANT SOLID 39 MED 10 % 10 VOLT QPL — -"39003/1-2259 
00634 | C105 C128 C132 
0069 | 00001.000 | EA 0972932-0001 | DIODE 1NO148 SEE TI= DRAWING 
00694 = { cris 
DRAFTSMAN DATE | CKD DRAFTSMAN as DESIGN ENGINEER Date | TITLE 
| AUTO-INSERTED PARTS LIST FOR 2261980-8 
APPD MEG DATE | APPO. PROJECT ENGINEER DATE | RELEASED Date | PROLECT NO T PART NUMBER 1 Rev 
| LM2261980-so08 | ae 
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2 . DATE @8/01/80 u 


PAGE FP of 


noes 
Pant NUMBER tev >) 


LMo26iseorssoe | ae 


eer 




























































sn nat [= [ey PART NUMBER tes DESCRIPTION asl VENDOR PART NUMBER yeaatsl 

[ ooea 00001.000 | EA 0996508-0001 (1C,741S393N OUAL BINARY COUNTER | 001295- 74LS399N 

OOstA uP | 

| oos2 00001.000 | EA 0222222-1408 |NETWORK-SN7400N 

oosea ust | 
0085 00011.000 | €A 097 2946-0081 |RES FIX 4.7K OHM 5 & 225 W CARBON FILM | ROH 9 - R-75 

| 005A R13 THRU RIB R4O REL R42 | 

| 00ese R43 R44 | 

0066 00006.000 Ea 0972946-0025 |RES FIX 22.0 OHM 5 & 225 WeCARBON FILM | POH = - R-75 

ose R3 RA RS RE RT RA | 

0090 00001.000 | €A 0972757-OO2L |CAPe FIX, CERAMIC, 4700PF, SOV 10% 

00904 C126 | 

0094 00001.000 | EA 0996780-0001 |1CeSN74LS33N QUAD POSITIVE-NOR AUFFER 001295-SNT4LS33N : 

00944 UA6 | 

0097 00002.000 | EA 0219402-7258 |NETWORK SN7T4S258N | 

OO*TA UEL UE2 
0102 90001.000 | EA 0972946-0088 [RES FIX 9.1K OHM S & 225 Ww CARBON FILM | ROH - R-25 

01024 a2 | 

| 0203 00001.000 | EA 0996424-0001 [1CeSNT4LS375N 4 BIT BISTABLE LATCHES OO12Z95S-SNTSLS3TSN 

| o1e3a UA8 

0104 00002.000 | EA 0231784-6002 |DIGDE— 4 PELLET, SILICON, MULTI at GE —_-HPNa00 Z| 

AUTO-ENSERTED PARTS LIST FOR 2261980-8 

APPD. PROJECT ENGINEER DATE | RELEASED PART NUMBER ae 
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o10sa | 
0106 
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00001.006 
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DATE 





pate 08/01/80 














oe: PART NUMBER DESCRIPTION VENDOR PART NUMBER 

Chie cei? ee | 
€A O972946-007S [RES FIX 2.7K OMM 5 & 25 Ww CARBON FILS ROH - R-25 
| |m3z 
€A 0972 784-GO02 NETWORK SNT4LS14N 
| 
| |ue2 | 
; i 
I 
| eee ee azatl 
CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE I Te 

| agTO-tnseaten PARTS LIST FOR 2260980-8 
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NOTES: UNLESS OTHERWISE SPECIFIED CN451140(B) RCHAFA er ae 
L ALL DEVISE TYPES ARE PREFIXED WITH =N74 CN447073 (CIB, Coe 
2. GROUND IS APPLIEC T® PIN 7 DF ALL I4FIN IC’S AND PINS 7, 
@F ALL le-PIN IC'S C |\Cal 437778 (C) €. Mobnn 
3% VCC IS APELIED Td PIN 14 @F ALL 14-FIN IC'S AND PIN '6 CN 449780(c) Hh, 
OF ALL 16- PIN.IC'S CN433600(10 4rd, 
4. DEVICE TYPE, PIN NUMBERS, AND CZCATION CF Ic 1S CN 453422 (D) @&. Domteene 
SHOWN AS FOLLEWS: (ADDED SHEETS 243A,4A,12A AW 
4 
—afeep* ee 
5 loc 
UI? Os 
Us 


OO AND 04: DEVICE TYPE 

4,5, 4ND 6 =: PIN NUMBERS 

UIT AND U34: REFERENCE DESIGNATYR 
S. WHEN REQUIRED R45 AND R46 WILL BE 

SELECTED AT UNIT TEST. 
6. UNLESS NOTED THIS SCHEMATIC APPLIES TO 

ALL DASH NUMBERED ASSEMBLIES. DASH | 

THRU DASH 4 ASSEMBLIES USE 2261961 PwBS. 


DASH 5 THRU DASH 8 ASSEMBLIES USE 
226203! PWBS. 
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DESCRIPTION 
XUEO THRU XUF2i 








XUGO THRU XUG21 







XUHO THRU XUH21 





0972924-0014 lcap FIX TANT SOLIO 15 MFO 10 3 20 VOLE QPL «= ~-439003/1-2289 












|cu91 c1s3 cz02 
09729240006 |CAP FIX TANT SOLID 39 MED 10 $ 10 VOLY GPL —m39003/1~2259 



































00224 C190 C192 C194 C195 C196 
0023 00011.000 EA 0972763-0009 (CAP sFIXED .O04TMF 50 VOLTS 004222=NCLOSES722 
0023A Cl77 Cite Ciz@ C180 C185 
00238 C199 C202 C203 C204 C205 
0023C C206 
0024 00001.000 €A 097 2763-0021 [CAPooFIXEDs AXIAL LEAD 2 0047 UF ¢¢808,—208 
OO024A C197 
0025 00002.000 09729580002 | TRANSISTOR ,2N2907A PNP GEN PURP SW TO-16 TI = 2N2907A 
OO25A Q1 Q2 
0027 00001.000 89725470008 |SwiTCHe, SLIDE=SPSTeDIP 8 SWITCHES 
O027A u6dl 
0028 00002.000 09725370001 (DIODEsLED 550-0103 SOMA 3 DIA 550-0103 
0028A cri Ca2 
430-0022 {WIRE 22AuG ELETRO“TIN-PLATED COPPER 






DESIGN ENGINEER DATE } TIT 


MEMORY ADD=GN MOOULE 128KB 5990/1 6KR 
i a a 
iLMo9s8955-0002 R 












1h Mee 
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0039 
BCPA 
0040 





Th 13808 


2250690-9701 





00002000 


00002.000 


06002.000 


00006.000 


00002 .000 


06001.000 


00001. 000 


00002.006 


90061.000 


06001.000 





€a 


€a 


EA 


EA 


EA 


€A 








097213 6005 





094523900601 


0944954-3001 


0972664-0002 


0533844-0001 


22101868-0005 


0972057-0001 


09729460081 


0539468-0802 


0948955—$662 





CONNECTOR ,PC 50 PIN 
03 Pe 






BRACKET=STIFFENER, PUB, 
INSULATOR, PUB, 14EN 
SCREWeTHO FRAG, HEX WSHR HD,2-S56X1/4 LE 


14IN 


EJECTOR, NYLON, NON—LCCKING, Pus 
SOCKET, LOW PROFILE, DIP, 20 PINS 
XU6O2 

TRANS ISTOR~AST2222 NPN SILICON 

Q3 

RES FIX 4.7K OHM 5 &§ 125 W CARBON FILA 
az as 

OIODE,1N4002 ANP LO0PIV RECTIFIER 
cas : 

AUTO-INSERTED PARTS LIST FOR 9468955000 


Change 1 





003612-0 1L820P-108 
Tl= = ~A5T2222 

ROH = R=25 

TI - IN€o02 


LMosse0s 


VENDOR PART NUMBER 








ART NUMBER 


5~0002 






Drawings 
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Drawings 


TEXAS INSTRUMENTS 
INCORPORATED 















oat aqvnesta@ —-_ LST OF MATERIAL PAGE 1 of LMoose9s5—s002 Re 
= ia as A 2 ee 
0001 00¢01.000 waeeiseaeal PuO,MEMORY ADD-ON MODULE, 990/10 
0005 09001.000 | EA 0219402-7404 [NETWORK SN74S04N 
QOOSA v3 
0006 00001.000 | EA 02222227430 |NETWORK SN7430N —SN7430N 
0006A u301 
0007 00001.c00 | EA 0972900-7474 |NETWORK SN74LS74N 
Ooo7A u2 
0008 00062.000 | €A 8996134-0002 |1CeSNT4LS25EN,DATA SELECTORS/MULTIPLEXER TI  -SN74LS258N 
OooeAa uso2 use3 
0009 00002.000 | EA 0972652-0001 [NETWORK SN74LS263N 
ao0sa ‘}u708 U702 
ool o00i2.000 | €A 09227820004 [NETWORK SN74LS368N 
OOLLA US US UT &8 ULL Ul2 U15 UL6 
oon1e ule U0 U24 U25 
0013 00013.000 , EA 0972583-0001 | NETWORK eSN75365 . Ti= -SN75365 
OO13A | | ULO4 U2Z04 U304 U404 US04 , 
sents ede PES UNOS US RO] Ua92 
0013¢ u703 | 
0016 00001.000 0972032=3470 NETWORK o4.7K OKM 28 
















cance . DATE | THLE 
pe ____aurontnsenteo rants List ran 968955-0002 


pe ane dimonerabons 





U 80 





TEXAS INSTRUMENTS 
ATEO 


INCORPOR 






LIST of MATERIAL 
DATE 10/36/79 PAGE 2. of 






PART NUMBER ney 
LMoes8955~s002 














































he DESCRIPTION VENDOR PART NUMBER 
00001.000 09720372686 [NETWORK RESISTOR 688 GHAS 2% 07 3138-898—3—Kh680 
GOLTA | usol 
0016 03016.000 EA 09720371220 |NETWORK,RES 16 PINGS ELEMENT 22 ONMS #29 073138-898-3-R22 
Oo01lsa | Ul0S U205 U3GS W405 505 
00168 | U60S UTS USS U203 U603 
0019 | 00004.000 eA 097 2946-0049 [RES FIX 220 OHM 5 3 225 W CARBON FILM | ROH = R25 
OOL9A Ml RZ AZ RO 
0020 00002. 000 EA 097 2946-0065 (RES FIX LeOK OHM 53 225 W CARBON FILM ROH = R=25 
0020A R4 R5 
0021 00043.000 Ea 0972924-0014 [CAP FIX TANT SOLIO 15 FD 10 3 20 VOLT QPL «4 =—M39003/1-2289 
@O21A C221 THRy C137 
00218 Cl39 THRU C160 
oo2ic Cle4 Ci66 C172 C176 
0024 00141.000 EA 0972763-0021 [CAP cFIREDsANTAL LEAD, 0047 UF 5 ¢803.—203 
B024A , Cl THRU C120 C161 TeRU C163 
00248 Cle5 THRU C167 
0024 Ci69 THRU Ci72 
00240 Ci73 THRu Cils 
0024E Clea THeu Cle 


oF B6 THRU C1859 Ci98 


DATE | CKD. ORAFTSMAN DATE | DESIGN ENGINEES Dare | TITLE 
ks AUTO=INSERTED PARTS LIST FOR 948955-0002 
BAAS. DATE | APPO. PROJECT ENGINEER DATE | RELEASED DATE PART NUMSER nev 
ee | __ (tenses 


Ti '3eee 
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Drawings 





DATE 10/18/79 PAGE B of 


DESCRIPTION 
LOGIC sMEMORY ADD-ON MODULE. 990/10 


7, TEXAS INSTRUMENTS 
INCORPORATED UST of MATERIAL LMossesss—o003 |p +” | 


VENDOR PART NUMBER 
















09489579901 











0003 09469589901 | TEST PROCEOURE,NEM ADD-ON MODULE,990/10 

0004 09489599901 |SPECIFICATIGN, MEM ADD-ON MODULE,990/10 

oo10 | 00001.000 22619870001 |ROM,ADDRESS OECODE, 16KR MEMORY EXPANSIC 

00104 4602 

oo1l 00002.000 | EA 09727870004 [NETWORK SN74LS368N 

OOLIA u23 

0012 00001.000 | EA 0996420-0001 |[Ce SNT4LS373N . 002295=SN74LS373N 
9012: U401 

o0le 80132.000 | €A 0996680-0001 |1C, 16K RAM, (SELS 001295—THS4116/2A072 
014A UAO THRU ¥A21 

00148 uBO THRU UB21 

0014C UCO THRU UC21 

00140 USO THRU YO2E 

8014E VEO THRU YEZI 

oo14F UFO THRU &F21 

oo1s 001762600 A 22101880003 |SOCKETeLOM PROFILE sD1Pe16 CONT 003612-011816P—108 
0015A XUAG THRU XUAZL 

001se xueo THAU XUB21 


MEMORY ADO“GN MODULE, 192K8e990/16KR 





Ta 138 







‘ TEXAS INSTRUM ENTS ‘ise = = 
UN ORATED or MATERIAL ee 
PATE 10/18/79 PAGE 2 of LMo948955-0003 [R-” 



































PART NUMBER DESCRIPTION VENDOR PART NUMBER 

XU00 THRU xUD21 
001SE XUEO THRU XUE21 
001SF XUFO THRY XUF21 
00156 XUGO THRU xUG21 
0015H XUHO THRU XUH22 
0021 00003. 000 EA 09729240014 |CAP FIX TANT SOLID 15 FD 10 & 20 re QPL = -439003/1-2289 
oO21A C191 C193 C201 
0022 00005.000 EA 0972924-0006 [CAP FIX TANT SOLID 39 MFD 10 & Lo vOut QPL 9 ~N39003/1~2259 
00224 C190 C192 C194 C195 C196 | 
0023 00011.000 | £A 0972763-0009 |CAP»FIXED .GO47MF 50 WOLTS 004222=NCLO5E4722 
0023A | 177 €178 €179 C180 C185 | 
00238 | i | C199 C202 C203 C204 C205 i 
0023¢ | C206 | 
002¢ 00001.000 EA | 09727630021 [CAPep FIXED, AXIAL LEAD» 0047 UF» #808,—208 | 
20264 c197 
0925 02002.000 EA 09729580002 | TRANSISTOR, 2N2907A PNP GEN PURP Sw TO-1d TI = 2NZ2907A 
00254 @l a2 
0027 00001.000 EA 09725470008 |SWITCHe SLIDE=SPST,/DIP 8 SWITCHES 
0027A u6dl 

DIODE, LED 550-0103 50 MA 3 ¥ DIA =—-550-0103 

Freer DATE | CED DaarTSwan Tm 
MEMORY ADD=“ON MODULE »192K8 9990/1 6KR 
oo lees _ pipe |LMioss2955-0003 a> 
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oo TEXA 


re 
TEA 


soci =e 


OO28A 
0029 
0030 
OG30A 
0031 
0032 
0033 


0036 
0036A 
0037 
OO3TA 
00368 
O038A 
0039 
0G39A 


Ts. 1300 





IN 


00000.100 
00002.000 


00002.000 
000022000 
00006.000 
00002.000 
00001 .000 


00002-0000 


00001 .000 


06501 .005 


FT 
EA 


i) 


EA 


Ea 


€a 


EA 


cA 


EA 


m 
» 


Ss INSTRUMENTS 
CORPORATEO 
DATE 10/18/79 


[|e | PART NUMBER DESCRIPTION VENDOR PART NUMBER 


0411400-0022 
09721370005 


0945239-0001 


6944954-0001 


09 72684-8002 


0533844-0001 


22101 68-9005 


09720570001 


0972946-0081 


0539468-0002 





DATE | TINE 
er ges + a of MEMORY ADO-ON MODULE »192K8,990/16KR 


LIST oF MATERIAL 


PART NUMBER Rev 


CRi CR2 

WIRE 22ANG ELETRO-TIN-PLATED.COPPER 
CONNECTOR »PC 50 PIN BEI — 65483-005 
P32 P4 

BRACKET@STIFFENER, PUB, 14IN 
INSULATOR, PUB, 14IN 

SCREMeTHO FRMGHEX WSHR HO, 2~56X1/4 LG 
EJECTOR, NYLON: NON-LOCKING, PUB 





SOCKET, LOw PROFILE, O1P, 20 PINS 003612-01L820P-108 
xU602 

TRANSISTOR-AST2222 NPN SILICON TIl= ~AST2222 

Q3 


RES FIX 407K GHA 5 2 225 W CARBON FILA | ROH = R25 
R7 RO 
DIGDEs IN4002 LAMP 100PIV RECTIFIER TI ~ IN€002 


cRr3 | 
AUTO-ENSEATED PARTS LIST FOR 949055-000 
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TL 130 







TL sae 


2250690-9701 


SSEMBLY, 
00001.000 
00001.000 


00001.000 
00001.000 


90002.000 





00002.000 


00012.000 


00013.000 


80001.000 


09010.000 


00004.060 


00002.000 


00043. 000 


00141.000 











oaTE 10/18/79 










LIST of MATERIAL 











€a 


iz) 





EA 


EA 


Ea 





Ea 


ea 




























EA 


EA 


ea 


Ea 








APPD. PROJECT ENGINEER 


0948956~0001 





0219402—7404 


0222222~7430 


09 72900-7474 


0996136=—0002 


0972652~-000!1 


097278 7-0004 


0972583-0001 


09720373470 


dave 18/18/79 


09720372680 


09720371220 


097 2946-0049 


097 2946-0065 


09729240014 


0972743-0021 













PuBsMEMORY ADD-ON MQDULE,990/10 
NETWORK SN74S04N 
U3 
NETWORK SN7430N 





u301 


NETWORK SNT4LST4N 
u2 

IC e SNT4LS 254NeDATA SELECTORS/MULTIPLEXER TI 
uac2 us03 

NETWORK SNT4LS2863N 

U7OL U702 

NETWORK SN74LS368N 

U4 U5 U? UB Ul] U2 ULS U16 
Ul9 U20 U26 25 

NETWORK »SN75365 TI- 
U104 U204 U3I04 U404 U5S04 
U606 U704 USO} UG U103 U303 
USO3 UTO3 

RES. NETWORK 4.7K QHM 22 










LIST of MATERIAL PAGE 20 of 


DESCRIPTION 


NETWORK RESISTGR 680 OHMS 2% 





ueol 


ULOS U205 U305 U405 U505 
U605 U705 U80S U203 U603 
RES FIX 220 GHA 5 % .25 Ww CARSON FILM | ROH 
R1 R2 R3 RE 
RES FIX 1.0% OHM 5% 225 w CARBON FILA ROH 
R4& RS 
CaP FIX TANT SOLID 15 MFO 10 & 20 vout QPL 
C121 THRU C137 

Ci3z@ THRU C160 

Ci64 C168 C172 C176 

CAP ee FIXEG, AXIAL LEAD, 2047 UF »#608.—208 
Cl THRU C120 C161 THRU C163 

Cie5 THRU C167 

Cié9 THRY C171 

C173 THRU C175 

Cle) THRU C164 





1866 THRU C169 C198 


DATE | TIME 


Change 1 





AUTO-INSERTED PARTS LIST FOR 948955-9003 


PART NUMBER f REV 
LMo948955-s003 [R* 


DESCRIPTION VENDOR PART NUMBER 


-SN7430N 


~SNT4LS258N 


~SNT75365 





LMo948955-5003 


VENDOR PART NUMBER 
0731386 98=-3—-k680 





NETWORK RES 16 PIN, 8 ELEMENT 22 OHMS wed 073138-898—3-R22 


= R25 


= R=25 


-M39003/ 1- 2289 





PART NUMBER REV 
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n TEXAS INSTRUMENTS . 
1 RP RATED PART NUMSER hey 
DATE GS LO/TS ot OF ATESAL PAGE 1 ot LMo048955-0004 


| Se | MS | PART NUMBER DESCRIPTION VENDOR PART NUMBER 


09489579961 [LOGIC MEMORY ADD-ON MOOULE,990/10 









0948956=-9901 (TEST PROCEDURE,HEM ADD-ON MODULE, 990/10 





0948959-9901 |SPECIFICATION, MEM ADD-ON MODULE .990/10 


0010 80001.000 EA ROM, ADORESS CECODESIGKR MEMORY EXPANST 





22619870001 






























OO1OA U602 

0011 00001.000 EA 09727870004 (NETWORK SN74LS366N 

OO1LA u23 

0012 00001.000 EA 0996420-G001 |1C+2 SN74.S373N 001295-SNT4LS373N 
QO1L2ZA Uso) 

0014 201 76@.000 EA IC, 16K RAM, (SEL) 001295=TAS 41 16/2A072 
00144 UAO THRU WAZI 

00148 us0 THRU UB21 

0014C UCO THRY UC21 

00140 uoO THRU UO2t 

OO14E VEO THRU WE21 

OO14F | | | | UFO THRU UF21 | 
90146 UGO THRU UG2L 











UHO THRU UH21 





001 76.000 2210188-0003 | SOCKETsLGs PROFILE,OIP,16 CONT 


CRD. DRAFTSMAN Dae | OSON ones! OTE TE 
pe |__| re mn A00-0n QU E2568, 99071648 


APPO. PROJECT ENGINGER OATE | a&EASEO bate PART NUMMER ney 
ie ai oe 


003612-DIL 816P=108 





Th 18e 






py TEXAS RETRUMENTS inter manmke 
{ D 
bate 20/18/79 = PAGE 2. of 


DESCRIPTION 


XUBG THRU XUS21 


PART NUMER: atv 
LMo94+8955-0004 


VENDOR PART NUMBER 

















xuco THRY XUC21 
xu0o THry xu021 
tRUEO- THRU XUEZL 





003 SF XUFO THRU XUF21 
00156 XUGO THRU XUG21 
0015H XUHO THRU AUH2) 
0@21 00003. 000 eA 0972924-001¢ (CAP FIX TANT SOLID 15 MFO 10 3 20 VOLT QPL 4 ~M39003/1-2269 
OO21A Ci9i C193 C201 
0022 00605.000 €a 0972924-0006 [CAP FIX TANT SOLID 39 MFO 10 £10 VOLE QPL = =—N39003/1-2259 
OO22A C199 C192 C194 C195 C196 
0023 00011.000 EA 0972763-0009 (CAP FIXED .0047MF SO VOLTS 004222—MCLOSE4722 
GOZ3A C177 C1I@ CA79 C160 C185 
00238 , C199 C262 C203 C204 C205 
0023C C206 
0024 00001.000 EA 09727630021 | CAPaeFIXEDe AXIAL LEAD, 047 UF e+803,—-208 
O024A c19e7 
8025 00002.000 eA 09729580002 | TRANSISTOR, 2N2907A PNP GEN PURP Sw TO=16 TI = 2N290TA 
OO25A Qi Q2 
26 29901 900 A 09725470008 | SWITCH, SLIDE-SPST,OIP 8 SWITCHES 
aera DATE [ CKD. ORAFTSIMAN DATE | DESIGN ENGINESE Dare | Whe 
MEMORY ADOWON MODULE ,256K6 9990/1 6KR 





0.-EG. DATE | APPD. PROJECT ENGOWER DATE PROJECT NO. PART NUMBER av 
eee ei ae I. 
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TL (mae 


2250690-9701 







08002.0060 


90002.0060 


009002.000 


06001.000 


00001.000 


00001.000 


UST of MATERIAL CART unite = 
DATE BOs Ls T9 PAGE 3 of LMo948955-0006 
a 


EA 


EA 
EA 
EA 
EA 
EA 


EA 





097253 7G008 


04114000022 
09721370005 


0945239-0081 
094495400018 








0972664-0002 
0$33864-8001 
22101 88-0605 
09726576002 


| 0972946-0081 | 


05394680002 


U601 





OIOOESLED 550-0103 
cal Ca2 
WIRE 22ANG ELETRO-TIN-PLATEO, COPPER 
COMNECTOR,PC 50 PIN 

P32 P4 


$0 MA 34 


BRACKET@STIFFENER, PWR, 14IN 
INSULATOR, PUB, 14IN 

SCREW THO FRAG, HEX WSHR HD»2—56X1/4 LG 
EJECTOR» NYLON, NON“LOCKING, Pus 
SOCKET, LGW PROFILE, OIP, 20 PENS 
2U6G2 

TRANSISTGR=&5T2222 NPN SILICON 

Qs 

RES FIX 407K OHM 5S @ 225 & CARBON FILA 
R? RO 

OIG0Es 1N4@0G2 LAMP 1OOPI¥ RECTIFIER 
ca3 

AUTO@ENSERTED PARTS LIST FOR 948955-00 


Change 1 














DIA 


—— 550-0103 





CEL = 65483-005 
0036120 1L820P—108 
TI= aST2222 

ROH = R25 

Ti - IN€002 
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Drawings 








Lg) TEMS INSTRUMERTS UST oF MATERIAL le 
DATE 90/18/79 PAGE 1 of LMo049955-3 004 

[ET ae] are [C(escrirTiON | _veNDOR PART Nu 
0001 00001.000 | EA 0940956-0001 |PWR»NEMORY ADD-ON MODULE, 990/10 

0005 00001.000 | £A 0219402-7404 |NETWORK SN74S04N 

0005A u3 

0066 00001.000 | EA 0222222=7430 |NETWORK SN7430N =—SN7430N 
0006A u301 

0007 00001.000 | EA 097 2900-7474 |NETWORK SN74LST4N 

OOOTA u2 

0006 00002.000 | £A 0996136-0002 |IC,SNT4LS258NeDATA SELECTORS/MULTIPLEXER TI © -SN74LS258N 
0008 use2 veo 

0009 00002.000 | EA 0972652=0001 |NETWORK SN74LS283N 

00094 u701 u702 

ool1 00012.000 | EA 0972787-0004 |NETWORK SN74LS368N 

OORLA U4 US UT UB UAl U2 U15 U6 

00118 UL9 UZ0 U24 U25 

0013 00013.000 | EA 0972583-0001 | NETWORK »SN75365 TI= =<SN75365 
0013A ULO6 U204 U304 US04 U504 | 

ne23e S06 UFOS URS U6 LOR 3903 










USO3 U703 











RES. NETWORK» 4.7K ONM 2% 





00001.000 09 72037-3470 





U402 


OEIGN ENGINEER DATE | TITLE 
Rc NS ar rer 
APPD. PROJECT ENGINEER DATE | RELEASED DATE PART NUMOER mv 
ee men 


“\ TEXAS INSTRUMENTS 
pails = Meretinsios RY 


bare 40/18/79 PAGE 2 of 
VENDOR PART NUMBER 


DESCRIPTION 
| 073138—898-3-R689 

















09720372680 [NETWORK RESISTOR 686 GHMS 2% 








u6ol 





















0016 09720371220 |NETWORK RES 16 PINe@ ELEMENT 22 OHMS #24 073138-8986—3-R22 
GOLSA ULGOS U2Z0S U305 USES USO5 
ooiss YSOS UTOS 80S 203 U603 
0019 00004.000 | EA 0972946-0049 [RES FIX 220 OHM 5 & «25 & CARBON FILM | ROH = R25 
0019A RL RZ RZ RE 
0020 00002.000 EA 0972946-0065 [RES FIX 1.0K OHM 5% .25 W CARBON FILA ROH = R=25 
OG20A a4 AS 
oo2i 00043.000 EA 05729240014 {CAP FEX TANT SOLID 15 MFO 10 Z 20 VOLE QPL 4 ~—N39003/1—-2289 
OO21A Cl2k THRU C137 
00218 j C139 THRU C160 
oo2ic C164 C168 ClIZ2 C176 

CAP ec eFIXEDs AXIAL LEAD, 047 UF» #803,.—208 


0024 | 00141000 | €A 09 72763-0021 
| Cl THRU CA20 CloL THRU C163 
C165 THRU C167 
C169 THRU C171 





C173 THRU ClI5 
Ci6l THRU C184 













TIME 


AUTO=EINSERTED PARTS LIST FOR 948955-000¢ 


' PagT NUMBER wy 
| ewes ane 








Th Tees 
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REV'ISIONS 





NOTES: UNLESS OTHERWISE SPECIFIED 


L ALL DEVICE TYPES ARE PREFIXED WITH SN74. 

2. GROUND IS APPLIED TO PIN 7 OF ALL 14-PIN IC’S 
AND PIN 8 OF ALL I6-PIN IC’s. 

3. VCC IS APPLIED TE PIN I¢ OF ALL t4-PIN IC’s AND 
PIN IG MF ALL [6-PINIC’s. 

4. DEVICE TYPE, PIN NUMBERS, AND REFERENCE 

DESIGNATOR PF IC IS SHOWN AS FOLLOWS: 




















CN 437777 (C) R. Bow (1) SH. & 
ALL 74365 PKGS PIN 9A WAS TIED 
TO +5V Sw (2) IN ZORE D2 WAS |2-7-73 








Ds | 


u ule 


OO ANDO4= DEVICE TYPE 
4,5 ANDG = PIN NUMBERS 
US AND Ul¢= REFERENCE DESIGNATOR 

S. # INDICATES DEVICES POWERED BY +5 Sw. 





REV STATUS[ REV [éveic {Tet | | |] | | [| 
OF “SHEETS | sHEeeT [il2[3 [4[5 [61718 {9 Jio[n | 





| 2 | -1 |rrem| cove Tune PROCUREMENT 
bary mean | NO | tENT PART OF IDENTIFYING NUMBER NOMENCLATURE OR DESCRETNION SRO UREN 


PARTS LIST 
=\ Texas INSTRUMENTS 
+O a 
LOGIC DIAGRAM 
A  vefio7} MEMORY ADD-ON MODULE | 
128K, 990/10 


COCE IDENT NO | DRAWING NO 


_ sz 
EEE [pl sezia| FB 957 





Change 1 2250690-9701 4-87 


Pt- 5,6 


2 ~ 2, 76 


Al-3,4,77, 78 
p2-3,4,77, 78 


Fi-~ 7,6 


P2- 73,74 


Pf- % 40. 
P2~- 71,72 


P3-/ 


PI~ 1, 2,42, 15,11, 1%, 24, 
24,26, 57, 59,72, 74, 
79, 80 

P2- 1,2, 7, 24,79,80 


P3~ EVERY EVEN PIN 


Pt- EVERY EVEN PIN 
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+1AV MEM ~i2VY STBY 


Tf SH. 4,6,7,8,9,10 








43 CAPACIT#RS 44 CAPACITPRS 


ISUE ee5seet @ @ eeeeeee 
g20v 2ov IS UF ' O47TUF 
20V ‘ 25V 
\ 
; 45°V 
+SV MAIN Tf SH. 3,6,7,8,9,10 
ci92. CIM C195 48 CAPACITORS 
39 UF BAvuF BOVUF : eeeeeee 
1OV 10V OV ; 047 UF 
25v 
#5 MEM *5V STBY 


To SAS 


C190 Creat, €783, C198, C201 
UF : es © e e'e & e 
a .047UF 

25V 7 





© a STO +6 SH. 6,7,8,9,10 
C194 ; | #4 CAPACITORS 
UF : 
eCRS «= $ RT ee 7 lov R¢ Rs oe op eee? 
1K 1K 047 VE 


| 2sv 


- | | | , 
Yat YQ) a2 -- 
2NZ907A 2NZ907A 
+5V SWEN- | oe Th SASS 


Ci77 THRu C180, 
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HOW TO USE INDEX 


The index, table of contents, list of illustrations, and list of tables are used in conjunction to ob- 
tain the location of the desired subject. Once the subject or topic has been located in the index, 
use the appropriate paragraph number, figure number, or table number to obtain the corre- 
sponding page number from the table of contents, list of illustrations, or list of tables. 


INDEX ENTRIES 


The following index lists key words and concepts from the subject material of the manual together 
with the area(s) in the manuai that supply major coverage of the listed concept. The numbers along 
the right side of the listing reference the following manual areas: 


Sections — Reference to Sections of the manual appear as “Sections x” with the sym- 
boi x representing any numeric quantity. 


Appendixes — Reference to Appendixes of the manual appear as ‘‘Appendix y” with the 
symbol y representing any capital letter. 


Paragraphs — Reference to paragraphs of the manual appear as a series of 
alphanumeric or numeric characters punctuated with decimal points. Only the first 
character of the string may be a letter; all subsequent characters are numbers. The first 
character refers to the section or appendix of the manual in which the paragraph may be 
found. 


Tables — References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a 
dash (-) and a number. 


Tx-yy 


Figures — References to figures in the manual are represented by the capital letter F 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number. 


Fx-yy 


Other entries in the Index — References to other entries in the index preceded by the 
word ‘“‘See”’ followed by the referenced entry. 
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